wo 2004/092339 



DESCRIPTION 



PCTAJS2004/011195 



MODULATION OF MUCl MEDIATED SIGNAL TRANSDUCTION 

5 This appUcation claims priority to U.S. Provisional AppUcation Serial No: 

60/462,111, filed Apiil 11, 2003, U.S. Provisional AppUcation Serial No: 60/467,728, filed 
May, 2, 2003, U.S. Provisional AppUcation Serial No: 60/475,595, filed June 4, 2003, U.S. 
Provisional AppUcation Serial No: 60/502,111, filed September 11, 2003 and U.S. 
Provisional AppUcation Serial No: 60/524,188, filed November 21, 2003, aU herein 
10 incorporated by reference 

BACKGROUND OF THE INVENTION 
The present invention relates generaUy to the field of cancer ther^y and more 
specificaUy to the use of modulators or agents that interact with MUCl as a point on 
intervention in cancer therapy. 
15 The human MUCl mucin glycoprotein is expressed on the apical borders of secretory 

epitheUal ceUs on the luminal surface of most glandular epitheUa (Kufe et al., 1984). In 
carcinomas, MUCl is highly overexpressed throughout the entire ceU membrane and 
cytoplasm (Kufe et al., 1984; Perey et al., 1992). As such, the aberrant pattern of MUCl 
expression in carcinoma ceUs may confer a fimction for MUCl nonnally found at the apical 
20 membrane to the entire ceU membrane. The haUmark of MUCl mucin is an ectodomain 
comprising a glycosylated 20 amino acid extraceUular sequence that is tandemly repeated 25- 
100 times in each molecule (Strouss & Decker, 1992). The mucin glycosylation level appears 
to be lower in cancer ceUs than normal cells of ductal epitheUal tissue (Kufe, U.S. Pat. No. 
5,506,343). This hypoglycosylation results in the exposure of tumor-specific epitopes that are 
25 hidden in the fuUy glycosylated mucin. 

Over ninety percent of breast cancers show an increased expression of MUCl (also 
known as Mucin, EpitheUal Membrane Antigen, Polymorphic EpitheUal Mucin, Human Milk 
Fat Globule Membrane antigen, EpisiaUn, DF-3, etc., see Barry & Sharkey, 1985). Several 
cUnical studies have suggested that mucinous tumor antigens expressed on the ceU surface of 
30 tumor ceUs associate with poor prognosis of a variety of cancer types (Itzkowitz et al., 1990). 

MUCl is expressed as both a transmembrane form and a secreted form (Finn et al., 
1995). The repeating sialyl epitopes of MUCl (the "ectodomain") are shed into the serum 
(Reddish et al., 1996). The N-terminal ectodomain (the extracellular domain that is cleaved) 
of MUCl consists of a variable number of the 20-amino acid tandem repeats that are subject 
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to O-glycosylation. This mucin extends far above the cell surface and past the glycocalyx 
making it easUy available for interactions with other cells. The C-terminal region of MUCl 
includes a 37 amino acid transmembrane domain and a 72 amino acid cytoplasmic tail that 
contains sites for tyrosine phosphorylation. An approximately 45-amino acid extracellular 
5 domain remains following cleavage of the ectodomain. It is not known what enzyme is 
responsible for the cleavage of the ectodomain at this time. 

The.cytoplasmic domain of MUCl ("MUCl/CD") encompasses multiple sub-domains 
that are important in intracellular signaling in cancer cells, p-catenin binds directly to 
MUCl/CD at a SAGNGGSSL motif (Yamamoto et al., 1997). p-catenin, a component of the 

10 adherens junctions of mammahan epitheUum, binds to cadherins at the intracellular surface of 
the plasma membrane and performs a signaling role in the cytoplasm as the penultimate 
downstream mediator of the wnt signaling pathway (Takeichi, 1990; Novak & Dedhar, 1999). 
The ultimate mediator of tihe wnt pathway is a nuclear complex of p-catenin and lymphoid 
enhancer factor/T cell factor (LefiTcf) that stimulates the transcription of a variety of target 

15 genes (see e.g., Molenaar et al., 1996; Brunner et al., 1997). Defects in the P-catenin-Le^cf 
pathway are mvolved in Ihe development of several types of cancers (Novak & Dedhar, 
1999). 

Glycogen synthase kinase 3p (GSK3p) also binds directly to MUCl/CD and 
phosphorylates serine in a DRSPY site adjacent to the p-catenin binding motit thereby 

20 decreasing the association between MUCl and p-catenin (Li et al., 1998). In addition, the c- 
Src tyrosine kinase also binds to and phosphorylates a MUCl/CD SPYEKV motif, resulting 
in an increased interaction between MUCl/CD and p-catenin and a decreased interaction 
between MUCl/CD and GSK3P (li et al., 2001). 

MUCl associates also constitutively witii the epidermal growth factor receptor (EGF- 

25 R, HERl) at the cell membrane and activated EGF-R induces phosphorylation of the 
MUCl/CD SPYKEV motif (Li et al., 2001(a)). EGF-R mediated phosphorylation of 
MUCl/CD appears to increase the interaction of MUCl with c-Src and P-catenin and 
downregulate the interaction between MUCl and GSK3p. These results siq)port a model 
wherein MUCl integrates the signaling among c-Src, p-catenin and GSKSp pathways and 

30 dysregulation of this integrated signaling by aberrant overexpression of MUCl in cancer cells 
could promote the transformed phenotype (Li et al,, 2001(a)). 

The Armadillo protein pl20*"" also binds directly to MUCl/CD resulting in the 
nuclear localization of pl20 (Li & Kufe, 2001). pl20 has been impUcated in cell 
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transfonnation and altered patterns of pl20 expression have been observed in carcinomas (see 
e.g.. Jawhaii et al., 1999; Shimazui et al.. 1996). pl20 is a v-Src tyrosine kinase substrate, 
binds to E-cadherin, and is impUcated as a transcriptional coactivator (Reynolds et al„ 1989; 
Reynolds et al., 1994; Daniels & Reynolds. 1999). The observation that pl20 localizes to 
5 both ceU junctions and the nucleus, have supported a role for pl20, like p-catenin, in the 
regulation of both cell adhesion and gene transcription. Decreased cell adhesion resulting 
fix>m association of MUCl and pl20 may be involved in increased metastatic potential of 
MUCl-expressing tumor cells. 

Thus, the available evidence indicates that MUCl/CD functions to transfer signals 
10 from the extracellular domain to the nucleus, and utilizes signaling mechanisms that have 
been impUcated in adhesion receptor and growth factor signaling and ceUular transformation. 
It is desirable to ideutify compositions and methods related to modulation of the MUCl- 
mediated signaling and its putative role in cellular transformation. 
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SUMMARY OF THE INVENTION 
The present invention provides methods for inhibiting the binding of the cytoplasmic 
domain of MUCl to a PDZ domain, wherein the PDZ domain may suitably be ZO-1 d2, SIPl 
dl, LIM MYSTIQUE, AIPC, KIAA0751, MAST2, PRIL-16 dl, GR1P2 d5, STTAC 18. NSP 
or KIAA1526 dl, and wherein the PDZ domain may be within a MUCl-expressing cancer;, 
enhancing the sensitivity of MUCl -expressing cancer cells to chemotherapeutic agents 
comprising contacting the MUCl-expressing cancer ceU with an effective amount of an dgent 
that inhibits the binding of MUCl to a PDZ domain; killing MUCl-expressing cancer cells 
comprising contacting the MUCl-expressing cancer cells with an effective amount of a 
chemother^eutic agent and an agent that inhibits the binding of MUCl to a PDZ domain; 
inhibiting the proliferation of MUCl-expressing cancer cells comprising contacting the 
MUCl-expressing cancer cells with an effective amount of an agent that inhibits the binding 
of MUCl to a PDZ domain; treating a MUCl-expressing cancer by administering an effective 
amount of an agent that inhibits the binding of MUCl to a PDZ domain; treating a MUCl- 
expressing cancer by administering an effective amount of an agent that inhibits the binding 
of MUCl to a PDZ domain and an effective amount of a chemotherapeutic agent; and 
inhibiting the colocalization or association of MUCl with one or more of the proteins FGFR, 
EGFR, ErbB2, ErbB3, EibB4, p-catenin, y-catenin, c-SRC or GSK3p. 

Agents that inhibit the bindmg of MUCl to a PDZ domain suitably include peptides 
of the formula X'-aa^-aa^-aa", wherein aa° is a hydrophobic ahphatic amino acid residue or a 
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hydrophobic aromatic amino acid residue, aa^ is a hydrophobic aUphatic amino add residue, 
hydrophobic aromatic amino acid residue, polar amino acid residue, basic amino acid residue 
or an acidic amino acid residue, aa* is an amino acid residue and is a sequence of 0 to 50 
amino acid residues. In some embodiments, aa'' is V, L, A, I, S or Y and aa^ is V, L, A, I, F, 
Y, W, Q, N, S, T, R, K, D or E . In some embodiments,. aa^W-aa" is a sequence selected 
from SEQ ID NO: 1 through SEQ ID NO: 40. In some embodiments, the carboxy-terminus 
of the peptide of formula X^-aa^-aa'-aa° comprises the carboxy-terminal 4, 5 6, 7, 8 or 9 
amino acid residues of a nine amino acid residue sequence selected from SEQ ID NO: 41 
through SEQ ID NO: 94. In some embodiments, the carboxy-teiminus of the peptide of 
formula X'-aa^W-aa" comprises tihe carboxy-terminal 4, 5 6, 7, 8, 9,10, 11, 12, 13, 14, 15, 
16, 17, 18, 19 or 20 amino acid residues of SEQ ID NO: 95 or SEQ ID NO: 96. La some 
embodiments, the amino-tenninus of X' of the peptide X'-aaW-aa° comprises X^-X^ 
wherein X^ is a transmembrane transporter peptide sequence and X^ is an optional linker 
sequence. In some embodiments, X^ is a sequence selected from SEQ ID NO: 97 through 
15 SEQ ID NO: 127. In some embodiments, X^ is SEQ ID NO: 102, SEQ ID NO: 108 or SEQ 
ID NO: 119. 

In embodiments that encompass a cancer cell, the cancer cell may be a breast cancer 
cell, an ovarian cancer ceU, a lung cancer cell, a pancreatic cancer cell, a prostate cancer cell, 
a stomach cancer cell, a small mtestine cancer cell, a colon cancer cell, a Uver cancer cell, a 
20 kidney cancer ceU, an esophageal cancer cell, a head and neck cancer cell, a testicular cancer 
cell, a blood cancer cell, a bone marrow cancer cell, or a cancer cell of another tissue. In 
some embodiments, the cancer cell is within a patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specification and are included to 
25 further demonstrate certain aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawmgs in combination with the detailed 
description of specific embodiments presented herein. 

FIG. 1: 293 cells were transected to express pIRESpuro2-Flag-MUCl-CD(l-72) or 
pIRESpuro2-Flag-MUCl-CD(l-68). Lysates were subjected to immunoprecipitation with 
anti-FGFR3 or IgG as a control. The immunoprecipitates and lysate not subjected to 
immunoprecipitation were analyzed by immunoblotting with anti-MUCl-CD. 

FIG. 2: 293 ceUs were transected to express pIRESpuro2-Flag-MUCl-CD(l-72) or 
pIRESpuro2-Flag-MUCl-CD(l-68). Lysates were subjected to immunoprecipitation with 
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anti-EGFR or IgG as a control. The immunoprecipitates and lysate not subjected to 
immunoprecipitation were analyzed by immunoblotting with anti-MUCl-CD. 

FIG. 3: Profile of the binding of 0.01 pM C-tenninxis of MUCl to PDZ domains. 

FIG. 4: Profile of the binding of 0.1 jjM C-terminus of MUCl to PDZ domains. 

FIG. 5: Summary of effects of the knockdown of Lim Mystique (LIM-M) or 
KIAA0751, aka RIM2 (KIAA) on CDDP-induced apoptosis in A549 and HCT116/MUC1 
cells. At 48 hr after transfection of siENAs specific for lim Mystique or KIAA0751, cells 
were treated with or without 100 pM CDDP for 24 hr and then analyzed for apoptosis. 

FIG. 6: Summary of effects of the knockdown of KIAA0751, aka RIM2 (KIAA) on 
CDDP-induced apoptosis in HCT116A^ector cells. At 48 hr after toansfection of siRNA 
specific for KIAA0751, cells were treated with 0, 10 and 100 pM CDDP for 24 hr and then 
analyzed for apoptosis. 

FIG. 7: Summary of effects of the knockdown of KIAA0751, aka RIM2 (KIAA) or 
ZO-1 on CDDP-induced apoptosis in HCT116/MUC1 cells. At 48 hr after transfection of 
siRNA specific for KIAA0751 or ZO-1 SIPl, cells were treated with or without 100 pM 
CDDP for 24 hr and 48 hr and then analyzed for apoptosis. 

FIG. 8: Summary of effects of the knockdown of SIPl on CDDP-induced ^optosis 
in A549 or HCT116/MUC1 cells. At 48 hr after transfection of siRNA specific for SIPl, 
ceUs were treated witii or without 100 pM CDDP for 24 hr and 48 hr and then analyzed for 
apoptosis. 

FIG. 9: Summary of results of titration of R1M2 (KIAA0751) and ZOl d2 with two 
biotinylated caiboxy-terminal MUCl isotypes, i.e., with an A/T substitution at the fifth amino 
acid residue firom the caiboxy-tenninus (AAA and AAT). Results indicate similar binding 
afBnities for both ZOl d2 and RIM2. 

FIG. 10: Summary of results of competitive inhibition of selected peptides of the 
binding of biotinylated TAT-MUCl to RIM2 

FIG. 11: Summary of results of screening the bindiag of 0.01 jjM biotinylated SEQ 
ID NO: 137 to PDZ domains. 

FIG. 12: Summary of results of screening the binding of 0.025 pM biotinylated SEQ 
ID NO: 136 to PDZ domains. 

FIG. 13: Summary of results of screening the binding of 0.05 |jM biotinylated SEQ 
ID NO: 138 to PDZ domains. 
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DETAILED DESCRIPTION OF THE INVENTION 
I. PDZ Domains and Related Ligands 

PDZ domains are modular protein interaction domains that play a cellular role in 
protein targeting and protein complex assembly. These domains are relatively small (> 90 
residues), fold into a compact globular stracture and generally have N- and C-tennini that are 
close to one another in the folded structure. Thus the domains are highly modular and could 
easily have been integrated into existing proteins without significant structural disruption 
through the course of evolution. PDZ domains typicaUy consists of six p-strands (pA-pF) 
and two a-heUces (aA and oB). Peptide Ugands bind in an extended groove between strand 
pB and helix oB by a mechanism referred to as p-strand addition, wherein the peptide serves 
as an extra p-strand that is added onto the edge of a pre-existing p-sheet within the PDZ 
domain (Harrison, 1996). 

PDZ domains recognize specific C-teraiinal sequence motife that are usually about 
four to five residues in length (Niethammer et al., 1998). One nomenclature utilized for 
residues within the PDZ-binding motif refers to the C-terminal residue as the Po residue and 
subsequent residues towards the N-terminus are temied P.i, P.2, P.3, etc. Extensive peptide 
Ubrary screens suggest that the Po and P.2 residues are most critical for recognition (Songyang 
et al., 1997; Schultz et al., 1998). These studies also show that PDZ domains can be divided 
into at least three main classes on the basis of their preferences for residues at these two sites: 
class I PDZ domains recognize the motif S/T-X-O-COOH (where O is a hydrophobic amino 
acid and X is any amino acid); class II PDZ domains recognize the motif O-X-O-COOH; and 
class m PDZ domains recognize the motif X-X-C-COOH. There are a few other PDZ 
domains that do not fell into any of these specific classes. 

The four terminal amino acids of the cytoplasmic domain of MUCl are serine, alanine 
aspargme and leucine. Both leucine and alanine are hydrophobic amino acids, albeit that 
alanine is significantly less hydrophobic than leucine. This carboxy-tenninal region of 
MUCl is highly conserved over a number of species suggesting that tins sequence is directed 
towards some cellular fimctionaUty. The present invention identifies the MUCl carboxy- 
temiinus as a ligand for select PDZ domains, 
n. Peptides 

A "fusion protein" or "fiision polypeptide" as used herein refers to a composite 
protein, i.e., a single contiguous amino acid sequence, made up of two (or more) distinct, 
heterologous polypeptides that are not normally fiised together in a single amino acid 



wo 2004/092339 



PCT/US2004/011195 



sequence. Thus, a fusion protein can include a single anoino acid sequence that contains two 
entirely distinct amino acid sequences or two similar or identical polypeptide sequences, 
provided that these sequences are not normally found together in the same configuration in a 
single amino acid sequence foimd in nature. Fusion proteins can generally be prepared using 
5 either recombinant nucleic acid methods, i.e., as a result of transcription and translation of a 
recombinant gene fusion product, which fusion comprises a segment encoding a polypeptide 
of the invention and a segment encoding a heterologous protein, or by chemical synthesis 
methods well known in the art. 

As used herein, the temi "PDZ domain" refers to protein sequence (i.e., modular 

10 protein domain) of less than approximately 90 amino acids (i.e., about 80-90, about 70-80, 
about 60-70 or about 50-60 amino acids), characterized by homology to the brain synaptic 
protein PSD-95, the Drosophila septate jimction protein Discs-Large (DLG), and the 
epithelial tight junction protein ZOl (ZOl), PDZ domains are also known as Discs-Large 
homology repeats ("DHRs") and GLGF repeats. PDZ domains generaUy appear to maintain 

15 a core consensus sequence (Doyle, 1996). 

Exemplary PDZ domain-containing proteins and PDZ domain sequences are shown in 
Table 3 in Example 6. The term "PDZ domain" also encompasses variants (e.g., naturally- 
occurring variants) of the sequences (e.g., polymorphic variants, variants with conservative 
substitutions, and ttie like) and domains from altemative species (e.g., mouse, rat). Typically, 

20 PDZ domains are substantially identical to those shown in U.S. Serial No. 09/724553, e.g., at 
least about 70%, at least about 80%, or at least about 90% amino acid residue identity when 
compared and aligned for maximum correspondence. The percentage of sequence identity, 
also termed homology, between a polypeptide native and a variant sequence may be 
deteraiined by comparing the two sequences using the GAP program (Wisconsin Sequence 

25 Analysis Package, Version 8 for Unix, Genetics Computer Group, University Research Park, 
Madison Wisconsin), which uses the algorithm of Smith and Waterman (1981). It is 
appreciated in the art that PDZ domains can be mutated to give amino acid changes that can 
strengthen or weaken binding and to alter specificity, yet they remain PDZ domains 
(Schneider et al. 1998). Unless otherwise indicated, a reference to a particular PDZ domain 

30 (e.g., KIAA0751 or PRIL-16 dl) is intended to encompass the particular PDZ domain and 
variants that bind the same relevant protein ligand as the native protein, (e.g., MUCl-binding 
variants of KIAA0751 or PRrL-16 dl). In other words, if a reference is made to a particular 
PDZ domain, a reference is also made to variants of that PDZ domain wherein the variant is 
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competent to bind the relevant protdn ligand, e.g., cytoplasmic tail of MUCl, as described 
herein. 

As used herein, the term 'TDZ protein" refers to a naturally-occurring protein 
containing a PDZ domain. Exemplary PDZ proteins include ZO-1, SBPl, LIM MYSTIQUE, 
AIPC, KIAA0751, MAST2, PRIL-16, GRIP2, SITAC 18, NSP, and KIAA1526. 

As used herein, the term 'TDZ-domain polypeptide" refers to a polypeptide contaiadng 
a PDZ domain, such as a fusion protein including a PDZ domain sequence, a naturally- 
occurring PDZ protein, or an isolated PDZ domain peptide. A PDZn-domain polypeptide may 
tiierefore be about 60 amino acids or more in length, about 70 amino acids or more in length, 
about 80 amino acids or more in length, about 90 amino acids or more in length, about 100 
amino acids or more in length, about 200 amino acids or more in length, about 300 amino 
acids or more in length, about 500 amino acids or more in length, about 800 amino acids or 
more in length, about 1000 amino adds or more in length, usually up to about 2000 amino 
acids or more in length. PDZ domain peptides are usually no more than about 100 amino 
acids (e.g., 50-60 amino acids, 60-70 amino acids, 80-90 amino acids, or 90-100 amino 
acids), and encode a PDZ domain. 

As used herein, the term "PL protein" or "PDZ Ligand protein" refers to a naturally- 
occurring pTotem that forms a molecular complex with a PDZ-domain, or to a protein whose 
carboxy-terminus, when expressed separately from the full length protein (e.g., as a peptide 
fragment of 4-25 residues, e.g., 8, 10, 12, 14 or 16 residues), forms such a molecular 
complex. The molecular complex can be observed in vitro using the binding assays described 
herein This definition is not intended to include anti-PDZ antibodies and the like. 

As used herein, a "PL sequence" refers to the amino acid sequence of the C-terminus 
of a PL protein (e.g., the C-terminal 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 20 or 25 residues) («C- 
terminal PL sequence") or to an internal sequence known to bmd a PDZ domain ("internal PL 
sequence"). 

As used herein, a 'TL peptide" is a peptide of having a sequence from, or based on, 
the sequence of the C-terminus of a PL protein. Exemplary MUCl PL peptides (biotinylated) 
are listed in Table 8. 

As used herem, a "PL fusion protein" is a fusion protein that has a PL sequence as one 
domain, typically as ttie C-tenninal domain of the fusion protein. An exemplary PL fusion 
protdn is a TAT-PL sequence fusion. 

As used herein, the term "PL inhibitor peptide sequence" refers to PL peptide amino 
acid sequence that (in the form of a peptide or PL fusion protein) inhibits the interaction 
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between a PDZ domain polypeptide and a PL peptide (e.g., as measured by the binding assays 
described herein). 

As used herein, a "PDZi-domain encoding sequence" means a segment of a 
polynucleotide encoding a PDZ domain. In various embodiments, the polynucleotide is 
5 DNA, RNA, single-stranded or double-stranded. 

As used herein, the terms "antagonisf ' and "inhibitor," when used in the context of 
modulating a binding interaction (such as the binding of a PDZ domain sequence to a PL 
sequence), are used interchangeably and refer to an agent that reduces the binding of the, e.g., 
PL sequence (e.g., PL peptide) and the, e.g., PDZ domain sequence (e.g., PDZ protein, PDZ 
10 domain peptide). 

As used herein, the terms "peptide mimetic," "peptidomimetic," and "peptide analog" 
are used interchangeably and refer to a synthetic chemical conq)ound that has substantiaUy 
tiie same structural and/or functional characteristics of a PL inhibitory or PL binding peptide 
of the invention. The mimetic can be either entirely composed of synthetic, non-natiiral 

15 analogues of amino acids, or, is a chimeric molecule of partly natiural peptide amino acids and 
partly non-natiffal analogs of amino acids. The mimetic can also incorporate any amount of 
natural amino acid conservative substitutions as long as such substitutions also do not 
substantially alter the mimetic's structure and/or inhibitory or binding activity. As witii 
polypeptides of the invention which are conservative variants, routine experimentation will 

20 deteraune whether a mimetic is witiiin the scope of the invention, i.e., that its structure and/or 
function is not substantially altered. Thus, a mimetic composition is within the scope of the 
invention if it is capable of binding to a PDZ domain and/or inhibiting a PL-PDZ interaction. 

Polypeptide mimetic conq)ositions can contain any combination of nonnatural 
structural conq)onents, which are typically fix>m tiuree stiuctural groups: a) residue linkage 

25 groups other than the natiiral amide bond ("peptide bond") linkages; b) non-natural residues 
in place of naturally occurring amino acid residues; or c) residues which induce secondary 
stiiictural mimicry, i.e., to induce or stabilize a secondary stiiicture, e.g., a beta turn, gamma 
turn, beta shee^ alpha helix conformation, and the like. 

A polypeptide can be characterized as a mimetic when all or some of its residues are 

30 joined by chemical means other than natural peptide bonds. Individual peptidomimetic 
residues can be joined by peptide bonds, other chemical bonds or coupling means, such as, 
e.g., glutaraldehyde, N-hydroxysuccinimide esters, bifimctional maleimides, N,N=- 
dicyclohexylcarbodiimide (DCC) or N,N=-diisopropylcarbodiimide (DIG). Linking groups 
tiiat can be an altemative to the traditional amide bond ("peptide bond") linkages include, 
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e.g., ketomethylene (e.g., -C(=0)-CH2- for -C(=0)-NH-), aminomethylene (CH2-NH), 
ethylene, olefin (CH=CH), ether (CH2-O), thioether (CH2-S), tetrazole (CN4-). thiazole, 
retroamide, thioamide, or ester (see, e.g., Spatola (1983) in Chemistry and Biochemistry of 
Amino Acids, Peptides and Proteins, Vol. 7, pp 267-357, A Peptide Backbone Modifications, 
5 Marcell Dekker, NY). 

A polypeptide can also be characterized as a mimetic by containing all or some non- 
natural residues in place of naturally-occurring amino acid residues. Nonnatural residues are 
well described in the scientific and patent literature; a few exemplary nonnatural 
compositions usefiil as mimetics of natural amino acid residues and guideUnes are described 
10 below. 

Mimetics of aromatic amino acids can be generated by replacing by, e.g., D- or L- 
naphylalanine; D- or L- phenylgjycine; D- or Lr2 thieneylalanine; D- or L-1, -2, 3-, or 4- 
pyreneylalanine; D- or L-3 thieneylalanine; D- or L-(2-pyridinyl)-alanine; D- or L-(3- 
pyridinyl)-alanine; D- or L-(2-pyrazinyl)-alanine; D- or I^(4-isopropyl)-phenylglycine; D- . 

15 (trifluoromefh3d)-phenylglycine; D-(trifluoromethyl)-phenylalanine; D-p- 

fluorophenylalanine; D- or L-p-biphenylphenylilanine; K- or L-p- 
methoxybiphenylphenylalanine; D- or L-2-indole(alkyl)alanines; and, D- or L-alkylainines, 
where alkyl can be substituted or unsubstituted methyl, ethyl, propyl, hexyl, butyl, pentyl, 
isopropyl, iso-butyl, sec-isotyl, iso-pentyl, or a non-acidic amino acids. Aromatic rings of a 

20 nonnatural amino acid include, e.g., thiazolyl, thiophenyl, pyrazolyl, benzimidazolyl, 
naphthyl, fiiranyl, pyrrolyl, and pyridyl aromatic rings. 

Mimetics of acidic amino acids can be generated by substitution by, e.g., non- 
carboxylate amino acids while maintaining a negative charge; (phosphono)alanine; sulfeted 
threonine. Carboxyl side groups (e.g., aspartyl or glutamyl) can also be selectively modified 

25 by reaction with carbodiimides (R=-N-C-N-R=) such as, e.g., l-cyclohexyl-3(2-moipholinyl- 
(4-ethyl) carbodiioaide or l-ethyl-3(4-a2onia- 4,4- dimetholpentyl) carbodiimide. Aspartyl or 
glutamyl can also be converted to asparaginyl and glutaminyl residues by reaction with 
ammonium ions. 

Mimetics of basic amino acids can be generated by substitution with, e.g., (in addition 
30 to lysine and arginine) the amino acids ornithine, citrulluie, or (guanidino)-acetic acid, or 
(guanidino)alkyl-acetic acid, where alkyl is defined above. Nitrile derivative (e.g., containing 
the CN-moiety in place of COOH) can be substituted for asparagine or glutamine. 
Asparaginyl and glutaminyl residues can be deaminated to the corresponding aspartyl or 
glutamyl residues. 
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Argmine residue mimetics can be generated by reacting arginyl with, e.g., one or more 
conventional reagents, including, e.g., phenylglyoxal, 2,3-butanedione. 1,2- 
cyclohexanedione, or ninhydrin, preferably under alkaline conditions. 

Tyrosine residue mimetics can be generated by reacting tyrosyl with, e.g., aromatic 
diazonium compounds or tetranitromethane. N-acetylimidizol and tetranitromethane can be 
used to form O-acetyl tyrosyl species and S-nitro derivatives, respectively. 

Cysteine residue mimetics can be generated by reacting cysteinyl residues with, e.g., 
alpha-haloacetates such as 2-chloroacetic acid or chloroacetamide and corresponding amines, 
to give carboxymethyl or carboxyamidomethyl derivatives. Cysteine residue mimetics can 
also be generated by reacting cysteinyl residues with, e.g., bromo-trifluoroacetone, alpha- 
bromo-beta-(5-imidozoyl) propionic acid; chloroacetyl phosphate, N-alkyhnaleimides, 3- 
nitro-2-pyridyl disulfide; methyl 2-pyridyl disulfide; p-chloromercuribenzoate; 2- 
chloromercuri-4 nitrophenol; or, chloro-7-mtrobenzo-oxa-l,3-diazole. 

Lysine mimetics can be generated (and amino terminal residues can be altered) by 
reacting lysinyl with, e.g., succinic or other caiboxylic acid anhydrides. Lysine and other 
alpha-amino-containing residue mimetics can also be generated by reaction with imidoesters, 
such as methyl picolinimidate, pyridoxal phosphate, pyridoxal, chloroborohydride, 
trinitrobenzenesulfonic acid, O-methyhsourea, 2,4, pentanedione, and transamidase-catalyzed 
reactions with glyoxylate. 

Mimetics of methionine can be generated by reaction with, e.g., methionine sulfoxide. 
Mimetics of proline include, e.g., pipecoUc acid, thiazoUdine carboxylic acid, 3- or 4- 
hydroxy proline, dehydroproline, 3- or 4-methylproline, or 3,3,-dimethylproline. Histidine 
residue mimetics can be generated by reacting histidyl with, e.g., diethylprocarbonate or para- 
bromophenacyl bromide. 

Other mimetics include, e.g., those generated by hydroxylation of pioUne and lysine; 
phosphorylation of the hydroxyl groups of seryl or threonyl residues; methylation of the 
alpha-amino groiq)s of lysine, arginine and histidine; acetylation of the N-terminal amine; 
methylation of main chain amide residues or substitution with N-methyl amino acids; or 
amidation of C-terminal carboxyl groups. 

A component of a natural polypeptide (e.g., a PL polypeptide or PDZ polypeptide) can 
also be replaced by an amino acid (or peptidomimetic residue) of the opposite chirality. 
Thus, any amino acid naturally-occurring in the L-configuration (which can also be referred 
to as the R or S, depending upon the structure of the chemical entity) can be replaced with the 
amino acid of the same chemical structural type or a peptidomimetic, but of the opposite 
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chiraUty, generaUy referred to as the D- amino acid, but which can additionaUy be referred to 
as the R- or S- form. 

The mimetics of the invention can also include compositions that contain a structural 
mimetic residue, particularly a residue that induces or mimics secondary structures, such as a 
beta turn, beta sheet, aJ^ha helix structures, gamma turns, and the like. For example, 
substitution of natural amino acid residues with D-amino acids; N-alpha-methyl amino acids; 
C-alpha-methyl amino acids; or dehydroamino acids within a peptide can induce or stabilize 
beta turns, gamma turns, beta sheets or alpha helix conformations. Beta tum mimetic 
structures have been described, e.g., by Nagai, (1985); Feigl (1986);Kahn (1988); Kemp 
(1988); Kahn (1988a). Beta sheet mimetic structures have been described, e.g., by Smith 
(1992). For example, a type VI beta tum induced by a cis amide surrogate, 1,5-disubstituted 
tetrazol, is described by Beusen (1995). Incorporation of achiral omega-amino acid residues 
to generate polymethylene units as a substitution for amide bonds is described by Banerjee 
(1996). Secondary structures of polypeptides can be analyzed by, e.g., high-field IH NMR or 
2D NMR spectix)scopy, see, e.g., Higgins (1997). See also, Hruby (1997) and Balaji et al., 
U.S. Pat. No. 5,612,895. 

As used herein, "peptide variants" and "conservative amino acid substitutions" refer to 
peptides that differ &om a reference peptide (e.g., a peptide having the sequence of the 
carboxy-terminus of a specified PL protein) by substitution of an amino acid residue having 
similar properties (based on size, polarity, hydrophobicity, and tiie hke). Thus, insofar as flie 
compounds that are encompassed witiiin the scope of tiie invention are partiaUy defined in 
terms of amino acid residues of designated classes, tiie amino acids may be generally 
categorized into tiiree main classes: hydrophiUc amino acids, hydrophobic amino acids and 
cysteine-like amino acids, depending primarily on tiie characteristics of flie amino acid side 
chain. These main classes may be fiirther divided into subclasses. Hydiophilic amino acids 
include amino acids having acidic, basic or polar side chains and hydrophobic amino acids 
include amino acids having aromatic or apolar side chains. Apolar amino acids may be 
fiirther subdivided to include, among otiiers, aUphatic amino acids. The definitions of tiie 
classes of amino acids as used herein are as follows: 

"Hydrophobic Amino Acid" refers to an amino acid having a side chain tiiat is 
uncharged at physiological pH and tiiat is repelled by aqueous solution. Examples of 
genetically encoded hydrophobic amino acids include De, Leu and Val. Examples of non- 
genetically encoded hydrophobic amino acids include t-BuA. 
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"Aromatic Amino Acid" refers to a hydrophobic amino acid having a side chain 
containing at least one ring having a conjugated 7c-electron system (aromatic group). The 
aromatic group may be further substituted with groups such as alkyl, alkenyl, alkynyl, 
hydroxyl, sulfenyl, nitro and amino groups, as well as others. Examples of geneticaUy 
encoded aromatic amino acids include Phe, Tyr and Trp. Commonly encountered non- 
genetically encoded aromatic amino acids include phenylglycine, 2-naphthylalanine, P-2- 
thienylalanine, l,2,3,4-tetrahydroisoquinoline-3-carboxyUc acid, 4-chloro-phenylalanine, 2- 
fluorophenyl-alanine, 3-fluorophenylalanine and 4-fluorophenylalanine. 

"Apolar Amino Acid" refers to a hydrophobic amino acid having a side chain that is 
generaUy uncharged at physiological pH and that is not polar. Exanq)les of genetically 
encoded apolar amino acids include Gly, Pro and Met. Examples of non-encoded ^olar 
amino acids include Cha. 

"Aliphatic Amino Acid" refers to an apolar amino acid havmg a saturated or 
unsaturated straight chain, branched or cycUc hydrocarbon side chain. Examples of 
genetically encoded ahphatic amino acids include Ala, Leu, Val and He. Examples of non- 
encoded aliphatic amino acids include Me. 

"Hydrophihc Amino Acid" refers to an amino acid having a side chain that is attracted 
by aqueous solution. Examples of genetically encoded hydrophihc amino acids include Ser 
and Lys. Examples of non-encoded hydrophilic amino acids include Cit and hCys. 

"Acidic Amino Acid" refers to a hydrophilic amino acid having a side chain pK value 
of less than 7. Acidic amino acids typically have negatively charged side chains at 
physiological pH due to loss of a hydrogen ion. Examples of genetically encoded acidic 
amiuo acids include Asp and Glu. 

"Basic Ammo Acid" refers to a hydrophilic amino acid having a side cham pK value 
of greater than 7. Basic amino acids typically have positively charged side chains at 
physiological pH due to association with hydronium ion. Examples of genetically encoded 
basic amino acids include Arg, Lys and His. Examples of non-genetically encoded basic 
amino acids include the non-cyclic amino acids ornithine, 2,3-diaminopropiomc acid, 2,4- 
diaminobutyric acid and homoarguiine. 

"Polar Ammo Acid" refers to a hydrophilic amino acid having a side chain that is 
uncharged at physiological pH, but which has a bond in which the pair of electrons shared in 
common by two atoms is held more closely by one of the atoms. Examples of genetically 
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encoded polar amino acids include Asx and Glx. Examples of non-genetically encoded polar 
an[iino acids include citruUine, N-acetyl lysine and methionine sulfoxide. 

"Cysteine-Like Amino Acid" refers to an amino acid having a side chain capable of 
forming a covalent linkage with a side chain of another amino acid residue, such as a 
5 disulfide linkage. Typically, cysteine-like amino acids generally have a side chain containing 
at least one thiol (SH) group. Examples of genetically encoded cysteine-like amino acids 
include Cys. Examples of non-genetically encoded cysteine-like amino acids include 
homocysteine and penicillamine. 

As will be appreciated by those having skill in the art, the above classification are not 

10 absolute, and several amino acids exhibit more than one characteristic property, and can 
therefore be included in more than one category. For example, tyrosine has both an aromatic 
ring and a polar hydroxyl group. Thus, tyrosine has dual properties and can be included in 
both the aromatic and polar categories. Sinodlarly, in addition to being able to form disulfide 
linkages, cysteine also has apolar character. Thus, while not strictly classified as a 

15 hydrophobic or apolar amino acid, in many instances cysteine can be used to confer 
hydrophobicity to a peptide. 

Certain commonly encountered amino acids w:hich are not genetically encoded of 
which the peptides and peptide analogues of flie invention may be composed include, but are 
not limited to, p-alanine (b-Ala) and other omega-amino acids such as 3-aminopropionic acid 

20 (Dap), 2,3-diaminopropionic acid (Dpr), 4-aminobutyric acid and so forth; a-aminoisobutyric 
acid (Aib); s-aminohexanoic acid (Aha); A-aminovaleric acid (Ava); N-methylglycine or 
sarcosine (MeGly); ornithine (Om); citrulline (Cit); t-butylalanine (t-BuA); t-butylglycine 
(t-BuG); N-methylisoleucine (Melle); phenylglycine (Phg); cyclohexylalanine (Cha); 
norleucine (Nle); 2-naphthylalanine (2-Nal); 4-chlorophenylalanine (Phe(4-Cl)); 

25 2-fluorophenylalanine (Phe(2-F)); 3-fluorophenylalanine (Phe(3-F)); 4-fluorophenylalanine 
(Phe(4-F)); pOTdcillamine (Pen); l,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (Tic); P-2- 
thienylalanine (Thi); methionine sulfoxide (MSO); homoarginine (hArg); N-acetyl lysine 
(AcLys); 2,3-diaminobutyric acid (Dab); 2,3-diaminobutyric acid (Dbu); 
p-aminophenylalanine (Phe(pNH2)); N-methyl valine (MeVal); homocysteine (hCys) and 

30 homoserine (hSer). These andno acids also fall conveniently into the categories defined 
above. 

The classifications of the above-described genetically encoded and non-encoded 
amino acids are summarized ui Table 1, below. It is to be understood that Table 1 is for 
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illustrative purposes only and does not purport to be an exhaustive list of amino acid residues 
which may comprise the peptides and peptide analogues described herein. Other amino acid 
residues which are useful for making the peptides and peptide analogues described herem can 
be found, e.g., in Fasman, 1989, CRC Practical Handbook of Biochemistry and Molecular 
Biology, CRC Press, Lie, and the references cited therein. Amino acids not specifically 
mentioned herdn can be conveniently classified into the above-described categories on the 
basis of known behavior and/or their characteristic chemical and/or physical properties as 
compared with anodno acids specifically identified. 



Table 1 





vjeneticaiiy ij^ncoaed 


Genehcally Non-Encoded 


Hydrophobic 






Aromatic 
Apolar 


F,Y,W 
M,G,P 


Phg, Nal, Thi, Tic, Phe(4-Cl), 
Phe(2-F), Phe(3-F), Phe(4-F), 
Pyridyl Ala, Benzothienyl Ala 


Aliphatic 


A.V,L,I 


t-BuA, t-BuG, Melle, Nle, MeVal, 
Cha, bAla, MeGly, Aib 


HydrophiUc 






Acidic 


D,E 




Basic 


H,K,R 


Dpr, Om, hArg, PheCp-NHz), 
DBU, AaBU 


Polar 


Q,N,S,T.Y 


Cit, AcLys, MSG, hSer 


Cysteine-Like 


C 


Pen, hCys, p-methyl Cys 



Cyclic derivatives of the peptides of the invention are also part of the present 
invention. Cyclization may allow the peptide to assume a more favorable conformation for 
association with molecules in complexes of the invention. Cyclization may be achieved using 
techniques known in the art, e.g., disulfide bonds may be formed between two ^propriately 
spaced componauts having firee suLEhydryl groiq)s, or an amide bond may be formed between 
an amino group of one component and a carboxyl group of another component. Cyclization 
may also be achieved using an azobenzene-containing amino acid as described by Ulysse et 
al.(1995). The side chains of tyrosine and asparagine may be linked to form cyclic peptides. 
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The components that fonn the bonds may be side chains of amino adds, non-amino acid 
components or a combination of the two. In an embodiment of the invention, cyclic peptides 
are contemplated that have a beta-turn in the right position. Beta-turns may be introduced into 
the peptides of the invention by adding the amino acids proline and glycine at the right 
5 position. 

In addition to novel peptides herein disclosed, some peptide sequences that bind to 
PDZ domains of interest have been previously disclosed, e.g., sequences SEQ ID NO: 173 
through SEQ ID NO: 188 are disclosed in WO02311512, incorporated herein by reference, 
wherein the sequences bind to RIM2 and other PDZ domains, and SEQ ID NO: 189 and SEQ 

10 ID NO: 190 are disclosed in WO03014303, incorporated herein by reference, wherein the 
sequences bind to RIM2 and other PDZ domains binding sequences. 

In some embodiments, the agent that inhibits MUCl binding to a PDZ domain is a 
peptide of the formula X'-aa^-aa'-aa° wherein aa" is a hydrophobic aUphatic amino acid 
residue or a hydrophobic aromatic amino acid residue, aa^ is a hydrophobic aUphatic amino 

15 acid residue, hydrophobic aromatic amino acid residue, polar amino acid residue, basic amino 
acid residue or an acidic amino acid residue, aa^ is an amino acid residue and is a sequence 
of 0 to 200 amino add residues, or 0 to 100 amino acid residues, or 0 to 50 amino acid 
residues, or 0 to 25 amino acid residues. In some embodiments, is 1, 2, 3, 4, 5, 6, 7,8, 9, 
10, 11, 12, 13, 14, 15,16, 17, 18, 19 or 20 amino acid residues. In some embodiments aa° is 

20 V, L, A, I, S or Y and aa^ is V, L, A, I, F, Y, W, Q, N, S, T, R, K, D or E . In some 
embodiments, the residues aa^-aa^-aa° of the peptide of the formula X'-aa^-aa^-aa" is selected 
from SEQ ID NO: 1 through SEQ ID NO: 40:RIV (SEQ ID NO: 1); LYI (SEQ ID NO: 2) 
SW (SEQ ID NO: 3); AEV (SEQ ID NO: 4); SQL (SEQ ID NO: 5); SAA (SEQ ID NO: 6) 
SDA (SEQ ID NO: 7); SLV (SEQ ID NO: 8); SGI (SEQ ID NO: 9); SKV (SEQ ID NO: 10) 

25 FYA (SEQ ID NO: 1 1);TRV (SEQ ID NO: 12); TTL (SEQ ID NO: 13); TDV (SEQ ID NO 
14); SDV (SEQ ID NO: 15); YFI (SEQ ID NO: 16); YYV (SEQ ID NO: 17); ELV (SEQ ID 
NO: 18); IWA (SEQ ID NO: 19); ANL (SEQ ID NO: 20); HA (SEQ ID NO: 21); RIA (SEQ 
ID NO: 22); YWA (SEQ ID NO: 23); IWS (SEQ ID NO: 24); INL (SEQ ID NO: 25); IRV 
(SEQ ID NO: 26); VEV (SEQ ID NO: 27); YIV (SEQ ID NO: 28); YQI (SEQ ID NO: 29); 

30 IML (SEQ ID NO: 30); VPV (SEQ ID NO: 31); IVL (SEQ ID NO: 32); VSL (SEQ ID NO: 
33); VWV (SEQ ID NO: 34); EYV (SEQ ID NO: 35); EIV (SEQ ID NO: 36); HY (SEQ ID 
NO: 37); KIV (SEQ ID NO: 38); TWV (SEQ ID NO: 39); and TQV (SEQ ID NO: 40). 

In some embodiments, the peptide of formula X'-aa^-aa'-aa" comprises as the 
carboxy-terminus the carboxy-terminal 4, 5 6, 7, 8 or 9 residues of a nine amino acid residue 
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sequence selected from SEQ ID NO: 41 through SEQ ID NO: 94: ARGDREORIV (SEQ ID 
NO: 41); TLASHQLYI (SEQ ID NO: 42); GMTSSSSW (SEQ ID NO: 43); YGSPRYAEV 
(SEQ ID NO: 44); WPPSSSSQL (SEQ ID NO: 45); DDYDDISAA (SEQ ID NO: 46); 
LKPPATSDA (SEQ ID NO: 47); DKERLTSDA (SEQ ID NO: 48); FRNETQSLV (SEQ ID 
5 NO: 49); ALRASESGI (SEQ ID NO: 50); LVEAQKSKV (SEQ ID NO: 5 1); PTKQEEFYA 
(SEQ ID NO: 52); FSRRPKTRV (SEQ ID NO: 53); SSGHTSTTL (SEQ ID NO: 54); 
NIKKIFTDV (SEQ ID NO: 55); KMDSIESDV (SEQ ID NO: 56); DSSRKEYFI (SEQ ID 
NO: 57); KNKDKEYYV (SEQ ID NO: 58); VTDHKTELV (SEQ ID NO: 59); 
QDEEEGIWA (SEQ ID NO: 60); AVAATSINL (SEQ ID NO: 61); AVAATYSNL (SEQ ID 

10 NO: 62); ARGDRKRWA SEQ ID NO: 63); ARGDRKRWL (SEQ ID NO: 64); 
AVAATGIWA (SEQ ID NO: 65); QDEEETIWA (SEQ ID NO: 66); ARSDRTIWA (SEQ 
ID NO: 67); ARSDRTIIA (SEQ ID NO: 68); ARSDRKRIA (SEQ ID NO: 69); 
SRTDRKYWA (SEQ ID NO: 70); QDEEEGIWS (SEQ ID NO: 71); SRTVREIWA (SEQ ID 
NO: 72); SVTSTSINL (SEQ ID NO: 73); ARGDRKIRV (SEQ ID NO: 74); ARTDRKVEV 

15 (SEQ ID NO: 75); ARGDRKYIV (SEQ ID NO: 76); SRTDRKYQI (SEQ ID NO: 77); 
ARGDVRLML (SEQ ID NO: 78); ARGDRKVPV (SEQ ID NO: 79); QDERRLIVL (SEQ 
ID NO: 80); ARGDRLVSL (SEQ ID NO: 81); ARGTRLVWV (SEQ ID NO: 82); 
ARGDRYRIV (SEQ ID NO: 83); SRTDRLEYV (SEQ ID NO: 84); ARGDRLEIV (SEQ ID 
NO:85);ARGDRTIIY(SEQIDNO:86); ARGDRRRIV (SEQ ID NO: 87); 

20 ARGDRKKIV (SEQ ID NO: 88); ARSDRKRIV (SEQ ID NO: 89); KNKDKEYYV (SEQ 
ID NO: 90); GMTSSSSW (SEQ ID NO: 91); ARGRRETWV (SEQ ID NO: 92); 
QDERVETRV (SEQ ID NO: 93);aii(i LQRRRETQV (SEQ ID NO: 94). 

In some embodiments, the peptide of formula X*-aa^-aa'-aa° conq)rises as the 
carboxy- terminus the carboxy-terminal 4, 5 6, 7, 8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 

25 20 amino acid residues of NGGSSLSYTNPAVAAASANL (SEQ ID NO: 95) or 
NGGSSLSYTNPAVAATSANL (SEQ ID NO: 96). 

In some embodiments, the amino-tenninus of X' comprises X^-X^, wherein X^ is a 
transmembrane transporter peptide sequence and X^ is an optional linker sequence. In some 
embodiments, the transmembrane transporter peptide sequence is derived from the 

30 Drosophila antenn^edia protein, or homologs thereof. The 60 amino acid long 
homeodomain of the homeo-protein antennapedia has been demonstrated to translocate 
through biological membranes and can facilitate the translocation of coupled peptides. See for 
example Derossi et al. (1994) and Perez et al. (1992). It has been demonstrated that fragments 
as small as 16 amino acids long of this protein are sufficient to drive internalization. 
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Examples of transmembrane transporter peptide sequences derived in unmodified or modified 
form from antennapedia include: RQDCIWFQNRRMKWKK (SEQ ID NO: 97) (Derossi et 
al., 1994); SGRQIKIWFQNRJRMKWKKC (SEQ ID NO: 98) (Console et al., 2003); 
RRWRRWWRRWWRRWRR (SEQ ID NO: 99) (WiUiams et al., 1997); 
5 KKWKMRJRNQFWKIQR (SEQ ID NO: 100) (Derossi et al., 1996); and 
KKWKMRRNQFWnaQR (SEQ ID NO: 101) (Pescarolo et al., 2001). The present 
invention contemplates a PDZ inhibitory peptide or peptidomimetic sequence as described 
herein, and at least a portion of the Antennapedia protein (or homolog thereof) sufficient to 
increase the transmembrane transport of the chimeric protein, relative to the PDZ inhibitory 

10 peptide or peptidomimetic, by a statistically significant amount. 

Anothra- example of an internalizing peptide is the HIV transactivator (TAT) piotdn. 
This protein appears to be divided into four domains (Kuppuswamy et al., 1989). Purified 
TAT protein is taken up by cells in tissue culture (Frankel and Pabo, 1989), and peptides, 
such as the firagment corresponding to residues 37-62 of TAT, are r^idly taken up by cell in 

15 vitro (Green and Loewenstein, 1989). The highly basic region mediates internalization and 
targeting of the internalizing moiety to tiie nucleus (Ruben et al., 1989). Examples of 
transmembrane transporter peptide sequences derived in umnodified or modified form fi'om 
TAT include YGRKKRRQRRR (SEQ ID NO: 102) (Vives et al., 1997); 
GRRKRRQRRRPPQ (SEQ ID NO: 103) (all L or all D amino acids) (Futaki et al., 2001); 

20 SGYGRKKRRQRRRC (SEQ ID NO: 104) (Console et al., 2003); RRRQRRKKRGY (SEQ 
ID NO: 105) (D amino acids) (Snyder et al., 2004); YARAAARQARA (SEQ ID NO: 106) 
(Ho et al., 2001); RKKRRQRRR (SEQ ID NO: 107) (Wender et al., 2000); RRRRRRRRR 
(SEQ ID NO: 108) (using either all L or all D amino acids) (Wender et al., 2000); RRRRRR 
(SEQ ID NO: 109) (Futaki et al., 2001); RRRRRRRR (SEQ ID NO: 110) (Futaki et al., 

25 2001); and RRRQRR (SEQ ID NO: 111) (all D amino acids) (WO03059942). In some 
embodiments the peptide of formula X'-aa^-aa^-aa° comprising a TAT transmembrane 
transporter peptide sequence selected firom SEQ ID NO: 134 through 172. 

Transmembrane transporter peptide sequences such as those derived &om TAT and 
Antennapedia protein can also be attached to liposomes and the PDZ inhibitory peptide is 

30 translocated within the liposome (Torchilin & Levchenko, 2003; Tseng et al., 2002) 

Other transmembrane transporter peptide sequences include galanin and mastoparan 
chimera sequences, e.g., GWTLNSAGYLLGKINLKALAALAKKIL (SEQ ED NO: 112) 
(Pooga et al., 1998) and AGYLLGKINLKALAALAKKIL (SEQ ID NO: 113) (Soomets et 
al., 2000); Herpes Shnplex Virus VP22 derived sequences, e.g.. 
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DAATATRGRSAASRPTERPRAPARSASRPRRVE (SEQ ID NO: 114) (EUiot & O'Hare, 
1997) and GALFLGFLGAAGSIMGAWSQPKSKRKV (SEQ ID NO: 115) (Morns et al., 

1997) ; pegelin derived sequences, e.g., RGGRLSYSRKRFSTSTGR (SEQ ID NO:116) 
(Rousselle et al., 2000); integrin P3 signal derived sequences, e.g., 

5 VTWLALGALAGVGVG (SEQ ID NO: 1 17) (Liu et al., 1996); Kaiposi FGF signal derived 
sequences, e.g., AAVALLPAVLLALLAP (SEQ ID NO: 118) (Lin et al., 1996); amphipatfaic 
peptide sequences, e.g., KLALKLALKALKAALKLA (SEQ ID NO: 119) (Oehlke et al., 

1998) , FHV coat derived sequences, e.g., RRRRNRTRRNRRRVR (SEQ ID NO: 120) 
(Suzuki et al., 2002); synthetic sequences, e.g., PIRRRKKLRRLK (SEQ ID NO: 121) and 

10 RRQRRTSKLMKR (SEQ ID NO: 122) (Mi et al., 2000); VE cadherin derived sequences. 
e.g., LLIILRKEURKQAHAHSK (SEQ ID NO: 123) (Elmquist et al., 2001) and nuclear 
localization signal derived sequences, e.g., SV40-NLS PKKKRKV (SEQ ID NO: 124) and 
Nucleoplasmin-NLS KRPAAIKKAGQAKKKK (SEQ ID NO: 125) (Futaki et al., 2001). 

While not wishing to be bound by any particular theory, it is noted that hydrophilic 

15 polypeptides may be also be physiologically tram^orted across the membrane barriers by 
coupling or conjugating the polypqptide to a transportable peptide which is capable of 
crossing the membrane by receptor-mediated transcytosis. Suitable internalizing peptides of 
this type can be generated using all or a portion of, e.g., a histone, insulin, transferrin, basic 
albumin, prolactin and insulin-like growth factor I (IGF-I), insulin-like growth factor n (IGF- 

20 n) or other growth factors. For instance, it has been found tliat an insulin fragment, showing 
afBiiity for the insulin receptor on capillary cells, and being less effective than insulin in 
blood sugar reduction, is capable of transmembrane transport by receptor-mediated 
transcytosis and can therefore serve as an internalizing peptide for the subject transcellular 
peptides and peptidomimetics. Preferred growth factor-derived intemaliziag peptides include 

25 EGF (epidermal growth factor)-derived peptides, such as CMHIESLDSYTC (SEQ ID NO: 
126) and CMYIEALDKYAC (SEQ ID NO: 127); TGF-p (transforming growth factor beta)- 
derived peptides; peptides derived from PDGF (platelet-derived growth fector) or PDGF-2; 
peptides derived from IGF-I (insulin-like growth factor) or IGF-H; and FGF (fibroblast 
growth factor)-derived peptides. Also included are antibodies to receptors that are 

30 internalized upon binding of the antibody. Such antibodies include, but are not limited to, 
those that target MUCl, MUC4, EGRF, ErbB2, c-Met, GM-CSF alpha and beta receptors, 
bFGF receptors, TNF receptors, TGF beta receptor I-HI, estrogen receptors, and G-protein 
coupled receptors. 
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Another class of translocating/inteinalizing peptides exhibits pH-dependent membrane 
binding. For an intemalizing peptide that assumes a helical conformation at an acidic pH, the 
internalizing peptide acquires the property of amphiphilicity, e.g., it has both hydrophobic 
and hydrophiUc intrafaces. More specijScally, within a pH range of approximately 5.0-5.5, an 
5 intemalizing peptide forms an alpha-helical, amphiphiUc structure that facilitates insertion of 
the moiety into a target membrane. An alpha-helix-inducing acidic pH environment may be 
found, for example, in tiie low pH environment present within celliilar endosomes. Such 
intemahzing peptides can be used to facilitate transport of PDZ inhibitory peptides and 
peptidomimetics, taken up by an endocytic mechanism, from endosomal compartments to the 
10 cytoplasm. 

A preferred pH-dependent membrane-binding intemalizing peptide includes a high 
percentage of heUx-forming residues, such as glutamate, methionine, alanine and leucine. In 
addition, a preferred iatemalizmg peptide sequence includes ionizable residues having pKa's 
within the range of pH 5-7, so that a sufficient uncharged membrane-binding domain will be 

15 present vdthin the peptide at pH 5 to allow insertion into the target cell membrane. 

AnothCT preferred pH-dependent membrane-binding intemalizing peptide in this 
regard is aal-aa2-aa3-EAALA(EALA)4-EALEALAA-amide, which represents a 
modification of the peptide sequence of Subbarao et al. (1987). Within this peptide sequence, 
the first amino acid residue (aal) is preferably a unique residue, such as C or K, that 

20 facilitates chemical conjugation of the intemahzing peptide to a targeting protein conjugate. 
Amino acid residues 2-3 may be selected to modulate the affinity of the intemalizing peptide 
for different membranes. For instance, if both residues 2 and 3 are K or R, the intemalizing 
peptide will have the capacity to bind to membranes or patches of Upids having a negative 
surface charge. If residues 2-3 are neutral amino acids, the intemalizing peptide will insert 

25 into neutral membranes. 

Yet other preferred intemahzing peptides include peptides of apo-lipoprotein A-1 and 
B; peptide toxins, such as meUttin, bombohttin, delta hemolysin and the pardaxins; antibiotic 
peptides, such as alamethicin; peptide hormones, such as calcitonin, corticotrophin releasing 
factor, beta endorphin, glucagon, parathyroid hormone, pancreatic polypeptide; and peptides 

30 corresponding to signal sequences of numerous secreted proteins. In addition, exemplary 
intemahzing peptides may be modified through attachment of substituents that enhance the 
alpha-heHcal character of the intemalizing peptide at acidic pH. 

Yet another class of intemahzing peptides suitable for use within the present invention 
includes hydrophobic domams that are "hidden" at physiological pH, but are exposed in the 
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low pH environment of the target cell endosome. Upon pH-induced unfolding and exposure 
of the hydrophobic domain, the moiety binds to lipid bilayers and efifects translocation of the 
covalently linked polypeptide into flie cell cytoplasm. Such internalizing peptides may be 
modeled after sequences identified in, e.g., Pseudomonas exotoxin A, clathrin, or Diphtheria 
S toxin. 

Pore-forming proteins or peptides may also serve as internalizing peptides herein. 
Pore- forming proteins or peptides may be obtained or derived from, for example, C9 
complement protein, cytolytic T-cell molecules or NK-cell molecules. These moieties are 
capable of forming ring-like structures in membranes, thereby allowing transport of attached 

10 polypeptide through the membrane and into the cell interior. 

Mere membrane intercalation of an internalizing peptide may be sufficient for 
translocation of the PDZ inhibitory peptide or peptidomimetic, across cell membranes. 
However, translocation may be improved by attaching to the internalizing peptide a substrate 
for intracellular enzymes (i.e., an "accessory peptide"). It is preferred that an accessory 

15 peptide be attached to a portion(s) of the internalizing peptide that protrudes through the cell 
membrane to the cytoplasmic face. The accessory peptide may be advantageously attached to 
one temiinus of a translocating^intemalizing moiety or anchoring peptide. An accessory 
moiety of flie present invention may contain one or more amino acid residues. In one 
embodiment, an accessory moiety may provide a substrate for cellular phosphorylation (for 

20 instance, the accessory peptide may contain a tyrosine residue). 

In embodiments wherein the amino terminus of comprises X^-X^ X^ the optional 
linker X^ may be any suitable flexible polylinker, including GGGGS (SEQ ID NO: 128) 
^ repeated 1 to 3 times(Huston et al., 1988); EGKSSGSGSESKVD (SEQ ID NO: 129) 
(Chaudhary et al., 1990); KESGSVSSEQLAQFRSLD (SEQ ID NO: 130) (Bird et al., 1988). 

25 In some embodiments, the peptide of the formula X^-aa^-aa^-aa° is a peptide of the 

formula X^-aa^-aa'-aaW-aa^'-aa^-aaW-aa^, wherein X^ is as defined previously and 
wherein in some embodiments is a peptide of the formula XW-aa'-aaW-aaW-aa^-aa^- 
aa°, wherein, as defined previously, X^ is a transmembrane transporter sequence, which in 
some embodiments is selected from SEQ ID NO: 95 through SEQ ID NO: 127, which in 

30 some embodhnents is SEQ ID NO: 98, SEQ ID NO: 104 or SEQ ID NO: 119. In some 
embodunents aa' is a hydrophobic aromatic amino acid residue, which may be W or Y. In 
some embodiments aa"* is a basic amino acid residue or acidic amino acid residue, wherein in 
some embodiments, the basic amino acid residue is R and in some embodiments the acidic 
amino acid residue is E. In some embodiments, aa' is an acidic, basic or hydrophobic 
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aliphatic amino acid residue, wherein in some embodiments the basic amino acid residue is R, 
the acidic amino acid residue is D, and the hydrophobic aliphatic amino acid residue is V. In 
some embodiments, the peptide of formula X^-aa^-aa^-aa^-aa^-aa'^-aa^-aa^-aa^-aa® is SEQ ID 
NO: 137, SEQ ID NO: 142, SEQ ID NO: 143, SEQ ID NO: 144, SEQ ID NO: 148, SEQ ID 
5 NO: 150, SEQ ID NO: 160, SEQ ID NO: 168, or SEQ ID NO: 170, 

One aspect of the present invention encompasses compositions and pharmaceutical 
compositions of the forgoing described peptides that inhibit the binding of the cytoplasmic 
domain of MUCl to one or more PDZ domains. 

The polypeptides of the present invention can be created by synthetic techniques or 

10 recombinant techniques which employ genomic or cDNA cloning methods. Polypeptides can 
be routinely synthesized using solid phase or solution phase peptide synthesis. Methods of 
preparing relatively short polypeptides peptides, by chemical synthesis are well known in tihie 
art. Such polypeptides could, for example be produced by solid-phase peptide synthesis 
techniques using commercially available equipment and reagents such as those available from 

15 Milligen (Bedford, Mass.) or Applied Biosystems-Perkin Ehner (Foster City, CA). 
Alternatively, segments of such polypeptides could be prepared by solid-phase synthesis and 
linked together using segment condensation methods such as those described by Dawson et 
al., (1994). During chemical synthesis of such polypeptides, substitution of any amino acid is 
achieved simply by replacement of the residue that is to be substituted with a different amino 

20 acid monomer. 

m. Combination with Chemotherapeutic Agents 

The present invention encompasses the use of modulators of MUCl mediated signal 
transduction of the present invention in combination with chemotherapeutic agents. While 

25 not being limited by any particular theory, MUCl inhibits the apoptotic response to genotoxic 
stress induced by certain chemotherapeutic agents, and thereby induces resistance to such 
agents. Modulators of MUCl mediated signal transduction may be used to mitigate this 
MUCl mediated response to chemotherapeutic agents, thereby enhancing the effectiveness of 
such agents. In this regard, the compositions of the present invention will be useful for the 

30 treatment cancer cells resistant to chemotherapeutic agents, including residual cancers 
remaining or reoccurring after cancer chemotherapy. The foregoing rational also pertains to 
the combination of compositions of the present invention and ionizing radiation. 

The chemotherapeutic agents useful in the methods of the invention include the fiill 
spectrum of compositions and compounds which axe known to be active in killing and/or 
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inhibiting the growth of cancer cells. The chemotherapeutic agents, grouped by mechanism 
of action include DNA-interactive agents, antimetabolites, tubulin interactive agents, anti- 
hormonals, anti-virals, ODC inhibitors and other cytotoxics such as hydroxy urea. Any of 
these agents are suitable for use in the methods of the present invention. DNA-interactive 
5 agents include the alkylating agents, e.g., cisplatin, cyclophosphamide, altretamine; the DNA 
strand-breakage agents, such as bleomycin; the intercalating topoisomerase n inhibitors, e.g., 
dactinomycin and doxorubicin); the nonintercalating topoisomerase U inhibitors such as, 
etoposide and teniposide; and the DNA minor groove binder plicamycin. 

The alkylatmg agents form covalent chemical adducts with cellular DNA, RNA and 

10 protein molecules and with smaller amino acids, glutathione and similar chemicals. 
Generally, these alkylating agents react with a nucleophilic atom in a cellular constituent, 
such as an amino, carboxyl, phosphate, sulfhydryl group in nucleic acids, proteins, amino 
acids, or glutathione. The mechanism and the role of these alkylating agents in cancer 
ther^y is not well understood. Typical alkylating agents include: nitrogen mustards, such as 

15 chlorambucil, cyclophosphamide, ifosfamide, mechlorethamine, melphalan, uracil mustard; 
azdridine such as thiotepa; methanesulphonate esters such as busulfan; nitroso ureas, such as 
caimustine, lomustine, streptozocin; platinum complexes such as cisplatin, carboplatin; 
bioreductive alkylators, such as mitomycin and procarbazine, dacarbazine and altretemine; 
DNA strand-breaking agents including bleomycin. 

20 Topoisomerases are ubiquitous cellular enzymes which initiate transient DNA strand 

breaks diuing replication to allow for firee rotation of the strands. The functionality of these 
enzymes is critical to the replication process of DNA. Without them, the torsional strain in 
the DNA helix prohibits free rotation, the DNA strands are unable to separate properly, and 
the cell eventually dies without dividing. Topo I links to the 3 '-terminus of a DNA single 

25 strand break, while Topo U links to the 5'-terminus of a double strand DNA break, DNA 
topoisomerase II inhibitors include intercalators such as amsacrine, dactinomycin, 
daunorabicin, doxorabicin, idambicin and mitoxantrone; nonintercalators such as etoposide 
and teniposide; camptothecins including irinotecan (CPT-IT) and topotecan. A representative 
DNA minor groove binder is plicamycin. 

30 The antimetabolites generally exert cytotoxic activity by interfering with the 

production of nucleic acids by one or the other of two major mechanisms. Some of the drugs 
inhibit production of the deoxyribonucleoside triphosphates that are the immediate precursors 
of DNA synthesis, thus inhibiting DNA replication. Some of the compounds are sufficiently 
like purines or pyrimidines to be able to substitute for them in the anabolic nucleotide 
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pathways. These analogs can then be substituted into the DNA and RNA instead of their 
nonnal counteiparts. THe antimetaboUtes useful herein include: folate antagonists such as 
methotrexate and trimetrexate; pyrimidine antagonists such as fluorouracil 
fluorodeoxyuridine, azacitidine, cytarabme. and floxuridine; purine antagonists includi 
5 meicaptopnrine. 6-thioguanine, fludaxabine. pentostatin; sugar modified analogs include 
cytarabine, fludarabine; ribonucleotide reductase inhibitors include hydroxyurea. 

I^bulin interactive agents interfere with cell division by binding to specific sites on 
Tubulin, a protein that polymerizes to form cellular microtubules. Microtubules are critical 
cell structure units. When the interactive agents bind on the protein, the cell cannot properly 
10 form microtubules. Tubuhn interactive agents include vincristine and vinblastine both 
alkaloids and the taxanes (pacUtaxel and docetaxel). Although their mechanisms of action are 
different, both taxanes and vinca alkaloids exert their biological effects on the cell 
microtubles. Taxanes act to promote the polymerization of tubulin, a protein subunit of 
spindle microtubles. IHe end result is the inhibition of depolymerization of the microtubles 
15 which causes the formation of stable and nonfunctional microtubles. This disrupts the' 
dynamic equih-brinm wilhin the microtuble system, and arrests the cell cycle in the late G. 
and M phases, which inhibits cell repHcation. 

Like taxanes, vinca alkaloids also act to affect the microtuble system within the cells 
m contrast to taxanes, vinca alkaloids bind to tubulin and inhibit or prevent the 
20 polymerization of tubulin submiits into microtubles. Vinca alkaloids also induce the 
depolymerization of microtubles, which inhibits microtuble assembly and mediates ceUular 
metaphase a^est. Vinca alkaloids also exert effects on nucleic acid and protein synthesis- 
ammo acid, cyclic AMP, and glutathione synthesis; cellular respiration; and exer^ 
immunosuppressive activity at higher concentrations. 
25 Antihormonal agents exert cytotoxic activity by blocking hormone action at the end- 

receptor organ. Several different types of neoplasm require hoimonal stimulation to 
propagate cell reproduction. The antihormonal agents, by blocking hormone action, deprive 
the neoplastic cells of a necessary stimulus to reproduce. As tiie cells leach tiie end of their 
hfe cycle, they die normally, witiiout dividing and producing additional malignant cells 
JO Antihormonal agents are typically derived from natiual sources and include: estrogens 
conjugated estiogens and ethinyl estiadiol and diethylstibesterol, chlortrianisen and 
idenesti.,1; progestins such as hydroxyprogesterone caproate, medroxyprogesterone and 
megestiol; androgens such as testosterone, testosterone propionate; fluoxymesterone, 
methyltestosterone. 
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Adrenal corticosteroids are deav«l ftom adremd Cortisol or hydrocortisone 

They are used because of their anti-ioilammatory benefits as well as the abiUty of some to 
nUubit mitotic divisions and to halt DNA synthesis, llese compounds include prednisone 
dexamethasone, methylprednisolone, and prednisolone. 

Leutiniang-releasing horm^ie agents or gonadotropin-releasing honnone antagonists 
ate used primarily in «.e treatment of pn«,ate cancer. Tlese include leuprolide acetate and 
goserehn acetate. Theypreventthebiosynthesisof steroids in the testes. 

Ana-honnonal agents include anttestrogenlc agents such as tamoxifen, antiandrogen 
agents such as flutamide. and antiadrenal agents such as mitotane and aminoghUeUmnide 

ODC (or ornithine decart,oxylase) inhibitors inhibit cancerous and precancerous cell 
prohferaton by depleting or othenvise mterfering wifl. flre activity of ODC. the rate limiting 
enzyme of polyamme biosynthesis important neoplastic ceU growth. In particular 
polyamine biosynthesis wherem onnflnne is converted to the polyamine, putrescine wifl,' 
putrescine bemg subse,„enfly by converted to spermidine and sp«mine appears to be an 
essent^l biochemical event m .he proliferation of neoplastic growth in a variety of cancers 
fflKl cancer cell lines and the inhibition of ODC activity or depletion of ODC in such 
neoplastic cells has been shown to reduce polyamine levels in such ceUs leading ,o ceU 
gn.w.h atrest; more differ«rtiated ceU morphology and even ceUular senescence and death 
In this regard, ODC or polyamine synthesis mhibitors ar« considered to be more cytotoxic 
agents functioning to prevent cancer reoccurrence or the conversion of p,e^c«ous ceDs to 
oaocetous cells than cytotoxic or ceU WlUng agents. A suitable ODC inhibitor is eflomithine 
or a-diiiuon,methylK>mifhine. an oraUy available, irreve^dble ODC mhibitor, as weU as a 
variety of polyamine analogs which are m various stages of pre-olinical and ciimcal research 

Other cytotoxics include agents whid, taterftre or block various ceUular processes 
essential for maintenance of ceUuIar functions or ceU mitosis as wen as agents which promote 
apoptosis. m this regard, hydroxyurea appears to act via inhibitors of the enzyme 
nbonncleotide reductase whereas asparagmase enzymatically converts asparagme into non- 
fimchonal aspartic acid thereby blockmg protm, synthesis in a tumor. 

Compositions of the present mvention can also be used in combination with 
antibodies to HER.2, such as TVastiizmnab (Herceptin (H)). hi addition, the present 
mvention also encompasses the use of MUCl domain antagonists in combination with 
q..dem«a giowth factor receptor-inte^ctive agents such as tyrosine Mnase mhibitom 
TiTOsme kmase mhibitors suitably mclude hnatinib (Norvartis). 081-774 (OSI 
Pharmaceuticals), ZD-1839 (AstraZeneca). SU-101 (Sugen) and CP.701 (Cephalon). 

-25- 



wo 2004/092339 



PCT/US2004/011195 



When used in the treatment methods of the present invention, it is contemplated that 
the chemotherapeutic agent of choice can be conveniently used in any formulation which is 
currently commercially available, and at dosages which fell below or within the approved 
label usage for single agent use. 

5 

IV. Combination with Ionizing Radiation 

In the present invention, the term "ionizing radiation" means radiation comprising 
particles or photons that have sufficient energy or can produce sufficient energy via nuclear 
interactions to produce ionization (gain or loss of electrons). An exemplary and preferred 

10 ionizing radiation is an x-radiation. Means for deUvering x-radiation to a target tissue or cell 
are well known in the art. The amount of ionizing radiation needed in a given cell generally 
depends on the nature of that cell. Means for determining an effective amount of radiation 
are well known in the art. Used herein, the term "an effective dose" of ionizing radiation 
means a dose of ionizing radiation that produces cell damage or death when given in 

15 conjunction with the modulators of MUCl mediated signal transduction of the present 
invention, optionally further combined Avith a chemotherapeutic agent 

Dosage ranges for x-rays range firom daily doses of 50 to 200 roentgens for prolonged 
periods of time (3 to 4 weeks), to single doses of 2000 to 6000 roentgens. Dosage ranges for 
radioisotopes vary widely, and depend on the half-Ufe of the isotope, the strength and type of 

20 radiation emitted, and the uptake by the neoplastic cells. 

Any suitable means for deUvering radiation to a tissue may be employed in the present 
invention,, in addition to extemal means. For example, radiation may be delivered by first 
providing a radiolabeled antibody that immimoreacts with an antigen of the tumor, followed 
by delivering an effective amoxmt of the radiolabeled antibody to the tumor. Li addition, 

25 radioisotopes may be used to deliver ionizing radiation to a tissue or cell. 

V. Formulations 

The compositions of the present invention such as peptides can be formulated in a 
variety of conventional pharmaceutical formulations and administered to cancer patients, in 
30 need of treatment, by any one of the drug administration routes conventionally employed 
including oral, intravenous, intraarterial, parental or intrapenitoneal. 

For oral administration the compositions of the present invention may be formulated, 
for example, with an inert diluent or with an assimiable edible carrier, or enclosed in hard or 
soft shell gelatin capsules, or compressed into tablets, or incorporated directly with the food 
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Of the diet. For oral therapeutic administratioii, the active compound may be incorporated 
with excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, 
elixirs, suspensions, syrups, wafers, and the like. Such compositions and preparations may! 
of course, be varied and may conveniently be between about 2 to about 60% of the weight of 
the unit The amount of active compounds in such ther^euticaUy useful compositions is 
such that a suitable dosage will be obtained. 

The tablets, troches, pills, capsules and the like may also contain the foUowing: a 
binder, a gum tragacanth, acacia, cornstarch, or gelatin; excipients, such as dicalcium 
phosphate; a disintegrating agent, such as com starch, potato starch, alginic acid and the like; 
a lubricant, such as magnesium stearate; and a sweetening agent, such as sucrose, lactose or 
saccharin may be added or a flavoring agent, such as peppermint, oil of wintergreen. or 
cherry flavoring. When the dosage unit for is a c^sule, it may contain, in addition to 
materials of the above type, a Uquid carrier. Various other materials may be present as 
coatings or to otherwise modify the physical form of the dosage unit. For instance, tablets, 
pills, or c^sules may be coated with sheUac, sugar or both. A synip or elixir may contain thi 
active compounds sucrose as a sweetening agent methyl and propylparabens as preservatives, 
a dye and flavoring, such as cheny or orange flavor. Of course, any material used in 
preparing a dosage unit form should be pharmaceutically pure and substantially non-toxic in 
the amounts employed. In addition, other chemotherapeutic compounds may be incorporated 
into sustained-release preparation and formulations. 

Pharmaceutical formulations of the compositions of the present invention that are 
suitable for injectable use include sterile aqueous solutions or dispersions and sterile powders 
for the extemporaneous preparation of sterile injectable solutions or dispersions. In aU cases 
the fomi must be sterile and must be fluid to the extent that syringabiKty exists. It must be 
stable under the conditions of manufacture and storage and must be preserved against the 
contaminating action of microorganisms, such as bacteria and fungi. The carrier can be a 
solvent or dispersion medium containing, for example, by the use of a coating, such as 
lecithin, by the maintenance of the required particle size in the case of disper^on and by the 
use of surfectants. The prevention of the action of microorganisms can be brought about by 
various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 
sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic 
agents, for example, sugars or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compositions of agents delaying 
absorption, for example, aluminum monostearate and gelatin. 
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Sterile injectable solutions are prepared by incoiporating the compositions of the 
present invention in the required amount in the appropriate solvent with various of the other 
ingredients enumerated above, as required, followed by filtered sterilization. GeneraUy, 
dispersions are prepared by incorporating the various sterilized active ingredients into a 
5 sterile vehicle which contains the basic dispersion medium and the required other ingredients 
firom those enumerated above. In the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation are vacuum-drying and freeze- 
drying techniques which yield a powder of the active ingredient plus any additional desired 
ingredient firom a previously sterile-filtered solution thereof 

10 As used herein, "pharmaceutically acceptable carrier" includes any and all solvents, 

dispersion media, coatings, antibacterial and antifimgal agents, isotonic and absorption 
delaying agents and the like. The use of such media and agents for pharmaceutical active 
substances is weU known in the art. Except insofar as any conventional media or agent is 
incompatible with the active ingredient, its use in the therapeutic compositions is 

15 contemplated. Supplementary active ingredients can also be incorporated into tiie 
composition. 

VI. Treatment Methods 

Tumors that can be suitably treated with the methods of the present invention include; 

20 but are not limited to, tumors of the brain (gUoblastomas, meduUoblastoma, astrocytoma, 
oligodendroglioma, ependymomas), lung, Uver, spleen, kidney, lymph node, small intestine, 
pancreas, blood cells, colon, stomach, breast, endometrium, prostate, testicle, ovary, skin, 
head and neck, esophagus, bone marrow, blood and oflier tissue. The tumor may be 
distinguished as metastatic and non-metastatic. Pre-malignant lesions may also be suitably 

25 treated with the methods of the present invention. 

The treatment with modulators of compositions of the present invention may precede 
or follow irradiation and/or chemotiierapy by intervals ranging from seconds to weeks and/or 
be administered concurrentiy witii such tireatonents. In embodiments where tiie compositions 
of the present invention and irradiation and/or chemotherapy are applied separately to the 

30 cell, steps should be taken to ensure that a significant period of time does not expire between 
the time of each delivery, such that the combination of the two or three treatments would still 
be able to exert an advantageously combined effect on the cell. In such instances, it is 
contemplated that one would contact the cell with the treabnent agents or modaUties witiiin 
amount 0.1 to 25 h of each otiier and, more preferably, witiiin about 1 to 4 h of each otiier, 
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with a delay time of only about 1 h to about 2 h being most preferred. In some situations, it is 
desirable to extend the time pmod of treatment significantly, however, where several days (2, 
3, 4, 5, 6 or 7) or several weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse between flie respective 
administrations. In any case, the invention contemplates that the compositions of the present 
5 invention may be given before, after or even simultaneously with the ionizing radiation 
and/or chemother^eutic agent. 

In the methods of the present invention, the actual dosage of compositions of the 
present invention employed will depend on a variety of factors including the type and severity 
of cancer being treated, and the additive or synergistic treatment effects of the compositions 
10 of the present invention and the other treatment modality or modalities selected. 

Vn. Screening Methods 

One aspect of the present invention is the use of screening methodologies, including 
high-throughput screens, related to the identification of compoimds that modulate the binding 

15 of MUCl-CD to PDZ domains. Some embodiments utilize Omi/HtrA2, a MUClrCD PDZ 
domain containing protein with serine protease activity that inhibits CIAPl, which is one of at 
least five human inhibitors of apoptosis (lAP) (Deveraux & Reed, 1999). The inhibition of 
CIAPl is caused by cleavage at one of at least two sites, i.e., between amino acid residues 90 
and 91 or 130 and 131 (numbering as per GenBank ND_001157[gi:4502417] (Jin et al., 

20 2003). The immediate amino acid residues adjacent to the cleavage points (denoted by ^) are: 
GLML^DNWK with L and D corresponding to amino acid residues 90 and 91, and 
NTSP^MRNS with P and M corresponding to amino acid residues 130 and 131. These and 
related peptides, such as 7-mers, 6-mers, 5-mers, 4-mCTs, and the Uke, may be used as model 
substrates in assays quantifying HtrA2 serine protease activity. 

25 In some raibodiments of the present invention, the aforementioned CIAPl derived 

sequences are utilized in a homogeneous time-released fluorescence quenching assay (TR- 
FQA). The principal of such an assay is the use of a peptide substrate with a fluorescent tag, 
usually a europium chelate (e.g., LANCE, PerkinElmer Life and Analytical Sciences, Boston 
MA) coupled to one end and a quencher of the fluorescence, e.g., dabcyl, coupled to the other 

30 end. Upon cleavage of the peptide, the quencher will be separated and a time-resolved 
fluorescent signal is generated and quantified (see e.g., Karvinen et al., 2002, herein 
incorporated by reference). The peptides can be synthesized by standard FMOC chemistry 
(e.g.. Applied Biosystems 433A peptide synthesizer, Foster City, CA). The building block 
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for dabcyl is available jfrom Molecular Probes (Eugene, OR), and is used to prepare an 
intermediate peptide e.g., aminohexyl-IMLDNW-dabcyl-anMnohexyl. The peptide 
intermediate is then labeled with the fluorracent europium chelate W1024 (PerkinEhner Life 
and Analytical Sciences, Boston MA). Peptide substrates are purified by conventional 
5 methods such as HPLC. Thus, one aspect of the present invention are substrate peptides: X*- 
X^-LD-X^-X*, wherein X^ is a fluorescent label, which may be a europiimi chelate, which 
may be a europium isothiocyanate chelate, which may be W1024, X^ is GLM, LM or M, X^ 
is DNW, DN or D and X"* is a dabcyl quenching group, or X^-X^-PM-X^-X^, wherein X^ and 
X^ are as described previously and X^ is NTS, TS or S and X^ is MRN, MR or M. 

10 The foregoing substrates may be used to measure the activity of HtrA2, which may be 

a purified recombinant HtrA2. The fiill length human HtrA2 clone is available fi-om the 
IMAGE consortium (GenBak AI979237[gi: 5 804267]). GST fusion proteins may be used, the 
preparation and purification of such having been disclosed by Faccio et al. (2000), herein 
incorporated by reference. GST-HtrA2 fusion proteins may be attached to microbeads by 

15 methods known in the art. The assays may be undertaken in multi-well plates and time 
resolved florescence measured by suitable detector means such as a VICTOR V multilable 
counter or a ViewLux ultra-HTS microplate imager (PerkinEhner Life and Analytical 
Sciences, Boston MA). An alternative method using agarose sheets instead of multi-well 
plates has been described for Caspase-3 and may be adapted for HtrA2 (Sujatha et al., 2002, 

20 herein incorporated by reference). 

HtrA2 promotes apoptosis (Martins, 2002) while MUCl prevents apoptosis. Thus 
binding of MUCl to the PDZ domain of HtrA2 should decrease the serine protease activity 
and consequently inhibit the abiUty of HtrA2 to inactivate CIAPl. Addition of MUCl -CD to 
the assay will therefore inhibit the time resolved florescent signal. This system can be used as 

25 a high-throughput-screen to select compounds for tiie ability to inhibit the MUC 1 -CD binding 
to the HtrA2 PDZ domain as indicated by the increase in the time resolved florescent signal. 

EXAMPLES OF THE INVENTION 
Example 1: Requirement for Carboxy-terminal Amino Acids for Co-localization of 
30 MUCl with FGFR3 

293 cells were transiently transected with pIRESpuro2-Flag-MUCl-CD(l-72) or 
pIRESpuro2-Flag-MUCl-CD(l-.68) that respectively expressed a fiill length MUCl 
cytoplasmic domain: 
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CQCRRKNYGQIX)IFPARDTYHPMSEYPTYHTHGRYWPSSTDRSPYEKVSAG 
NGGSSLSYTNPAVAATSANL (SEQ ID NO: 131) or a truncated domain fonned by 
deletion of the four carboxy-terminal amino acids: 

CQC»RKNYGQIJ)IFPAIUDTYHPMSEYPTYHTHGRYWPSSTD^^ 
5 NGGSSLSYTNPAVAAT (SEQ ID NO: 132). 

Cell lysates were prepared from subconfluent cells as described by Li et al. (1998). 
Equal amounts of cell lysate were incubated with anti-FGFR3 or mouse IgG. The immune 
complexes were prepared as described by Li et al. (1998), separated by SDS-PAGE and 
transferred to nitrocellulose membranes. The immunoblots were probed with anti-MUCl-CD 
10 (Neomarkers, Freemont CA). Lysates not subjected to immunoprecipitatian were similarly 
analyzed by immunoblotting with anti-MUCl-CD. Reactivity was detected with a 
horseradish peroxidase-conjugated second antibody and chemiluminescence. The results are 
shown in FIG. 1 and indicate that deletion of the four MUCl carboxy-terminal amino add 
residues aboUshes the ability of MUCl to colocalize with FGFR3. 

15 Example 2: Requirement for Carboxy-terminal Amino Acids for C6-IocaUzation of 
MUCl with EGFR 

293 cells were transiently transected with pIRESpuro2-Flag-MUCl-CD(l-72) or 
pIRESpuro2-Flag-MUCl-CD(l-68) that respectively expressed a MUCl with a full length 
cytoplasmic domain: 

20 CQCRRKNYGQIIJIFPARDTYHPMSEYPITHTHGRYVPPSSTDRSPYEKVSAG 

NGGSSLSYTNPAVAATSANL (SEQ ID NO: 131) or a truncated domain fonned by 
deletion of the four carboxy-terminal amino acids: 

CQCRRKNYGQLDIFPARDTYHPMSEYPTYHTHGRYVPPSSTDRSPYEKVSAG 
NGGSSLSYTNPAVAAT (SEQ ID NO: 132). 

25 CeU lysates were prepared from subconfluent cells as described by Li et al. (1998). 

Equal amounts of cell lysate were incubated with anti-EGFR (Santa Cruz Biotechnology, 
Santa Cruz, CA) or mouse IgG. The immune complexes were prepared as described by Li et 
al. (1998), separated by SDS-PAGE and fransfeired to nitrocellulose membranes. The 
immunoblots were probed with anti-MUCl-CD (Neomarkers, Freemont CA). Lysates not 

30 subjected to immunoprecipitation were similarly analyzed by immunoblottmg with anti- 
MUCl-CD. Reactivity was detected with a horseradish peroxidase-conjugated second 
antibody and chemilummescence. The results are shown in FIG. 2 indicate that deletion of 
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the four MUCl carboxy-terminal amino acid residues abolishes the ability of MUCl to 
colocalize with EGFR. 

Example 3: Interaction of MUCl with PDZ Domains 

The ability of the MUCl cytoplasmic domain (CD) to interact with a panel of 28 
5 human PDZ domain proteins was screened. A His-tagged MUCl/CD was produced to affect 
the screening. The CD of MUCl was amplified by RT-PCR fi^om cDNA derived &om 
human breast cancer MCF7 cells. The MUCl/CD gene was cloned into a bacterial vector 
pEXP (Panomics Inc.) to generate a ffis-tagged fusion protein (pEXP/MUCl/CD). DH5a E. 
Coli cells were transformed with pEXP/MUCl/CD and incubated overnight in 1 ml of LB 

10 medium containing 100 pg/ml ampicillin (LB/AMP). Eighty ^1 of the overnight culture was 
transferred to a tube of 4 ml of LB/AMP and allowed to grow vmtil an ODeoo of 
approximately 0.5-0.8 was evident. IPTG was added to the culture at a final concentration of 
0.5 hM to induce expression of the ffis-tagged MUCl/CD protein. After 4 hours, cells were 
harvested in IX resuspension buffer (Panomics Inc.) and lysed by sonication. The lysate was 

15 centrifixged at 14000 ipm for 5 minutes at 4*'C. The resulting supernatant (bacterial extract) 
was collected and stored at -SO'C until use. 

The TransSignal PDZ Domain Array kit (Panomics Inc.) was used comprising 
membranes on which the following 28 human PDZ proteins had been immobilized: MINT-2 
dl, Mint-3 dl, Mint-3 d2, Mint-1 dl, Mintl d2, CSKP, Dig dl, Dlgl d3, Dlg2 d2, Dlg4 d3, 

20 DVLl, DVL3, DVLL, GIPC, HtrA2, LIMK2, MPP2, NEBl, OMP25, hCLIMl, PTPHl, ZO- 
2 dl, hPTPlE dl, hPTPlE d5, RGS12, RIL, ZO-1 d3 and ZO-2 d3. 

Membranes were submerged in a small tray with 20 ml of xl blocking buffer 
(Panomics Inc.), and shaken at room temperature for 1 hour. The blocking buflfer was 
removed and membranes rinsed twice with xl Wash Buffer (Panomics inc.) at room 

25 temperature. The bacterial extract was diluted to a final concentration of 0.1 mg/ml in 20 ml 
Resuspension Buffer (Panoxnics Inc.). The membrane was incubated with the dilute bacterial 
extract overnight at 4'*C with gentle shaking. After incubation, the membrane was washed 
three times with 40 ml IX Wash Buffer at room temperature for 10 minutes each wash. The 
membrane was then incubated with 20 ml diluted Anti-Histidine HRP Conjugate (Panomics 

30 inc., 1 :3000 dilution in IX Wash Buffer) at room temperature for 1 hour. The membrane was 
then washed with 40 ml IX Wash Buffer at room temperature for 10 minutes each wash. The 
membrane was then visualized using HYPERFILM ECL (Amersham Biosciences) utiUzing 
the Detection Buffers as suppUed by Panomics. 
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Binding was observed between his-tagged MUC1/CT> and Mint-1 d2 (Xn protein, 
PDZ domain #2), Mint-2 dl (XHL protein, PDZ domaixrf^ 1), HtrA2 (high temperature 
requirement protein A2), PTPHl (protein-tyrosine phosphatase HI), RIL (reversion-induced 
LIM protein) and OMP25 (mitochondrial outer manbrane protein 25). 

5 Example 4: Inhibition of MUCl Cytoplasmic Domain Binding to PDZ Domains 

His-tagged MUCl/CD (bacterial ejctract) was incubated in the absence or presence of 
a 20-fold molar excess of the 7-mer peptide AAASANL (SEQ ID NO: 133) with the 
appropriate membrane-immobilized PDZ domain, as described above in Exanqple 4. The 
results are summarized in Table 2. 
10 Table 2 

Inhibtion of Binding to MUCl/CD to Select PDZ Domains 





Relative Binding of MUCl/CD 


PDZ 


Protein cone, 
ng/spot 


no 7-mer peptide 


Plus 7-mCT peptide 


Mint-3 dl 


400 


+++ 




Mint-3 dl 


80 


+ 




Mint-1 d2 


400 


++ 




Mint-1 d2 


80 


+ 




HTRA2 


400 


++ 




HTRA2 


80 


+ 




PTPHl 


400 


+ 




PTPHl 


80 






ZOP2 


400 






ZOP2 


80 







The 7-mer, AAASANL (SEQ ID NO: 133), inhibited the binding of his-tagged 
15 MUCl/CD to PDZ domains Mint-1 d2, Mint-2 dl, HtrA2 PTPHl, RIL. The PDZ domain 
ZOP2 was used as a negative control. 
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Example 5: Deletion of MUCl PDZ Ligand Domain Abrogates MUCl-Dependent 
Resistance to Cisplatin 

Human HCT116 colon carcinoma cells (ATCC, Manassas, VA) were cultured in 
Dulbecco's modified Eagle's medium/Fl2 with 10% heat-inactivated fetal bovine serum, 100 
5 units/ml penicillin, 100 mg/ml streptomycin and 2 mM L-glutamine. HCT116 cells were 
transfected with pIRES-puro2, pIRBSpuro2-MUCl or pIRES-puro2-MUClASANL (MUCl 
with the four carboxyl termiaal amino acids SNAL deleted) as described (Li et al., 2001). 
Stable transfectants were selected in the presence of 0.4 mg/ml puromycin (Calbiochem- 
Novabiochem, San Diego, CA). 

10 Cells were incubated with 100 pM cisplatin (CDDP; Sigma), for 24 and 48 hr. 

Visualization of viable cells indicated a substantially increase in the sensitivity to CDDP- 
induced cell death of HCT116 cells transfected with MUCIASANL relative to cells 
transfected with full lenght MUCL Data indicates that removal of the MUCl carboxy- 
terminal PDZ ligand domain abrogates the ability of MUCl to confer resistance to genotoxic 

IS agents. 

Example 6: Preparation of Prokaryotic Expression Constructs Encoding PDZ 
Domains 

PDZ domain containing genes or portions of PDZ domain containing genes were 
cloned into eukaryotic expression vectors in fiision with a glutathione S-transferase (GST) 

20 protein tags. AltCTnative tags include but are not limited to Enhanced Green Fluorescent 
Protein (EGFP), or Hemagglutinin (HA), 

DNA jfragments corresponding to PDZ domain containing genes were 
generated by RT-PCR from RNA from a library of individual cell line (CLONTECH Cat# 
K4000-1) derived RNA, using random (oUgo-nucleotide) primers (Invitrogen Cat.# 

25 48190011). DNA fragments corresponding to PDZ domain-containing genes or portions of 
PDZ domain-containing genes were generated by standard PCR, using purified cDNA 
fragments (Table 3) and specific primers. Primers used were designed to create restriction 
nuclease recognition sites at the PCR fragment's ends, to allow cloning of those fragments 
into appropriate expression vectors. Subsequent to PCR, DNA samples were submitted to 

30 agarose gel electrophoresis. Bands corresponding to the expected size were excised. DNA 
was extracted by Sephaglas Band Prep Kit (Amersham Pharmacia Cat# 27-9285-01) and 
digested with appropriate restriction endonuclease. Digested DNA samples were purified 
once more by gel electrophoresis, according to the same protocol used above. Purified DNA 
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fragments were coprecipitated and Ugated with the appropriate linearized vector. After 
transformation into KcoH, bacterial colonies were screened by colony PGR and restriction 
digest for the presence and correct orientation of insert. Positive clones were innoculated in 
liquid culture for large scale DNA purification. The insert and flanking vector sites from the 
purified plasmid DNA were sequenced to ensure correct sequence of fragments and junctions 
between the vectors and fusion proteins. 

Table 3 

PDZ Domains Used in Soreening Assays 



Gene Name 


Glor 
Acc# 


PD^ 


Sequence fused to GST Construct 


26s subimit 
p27 


9184389 


1 


RDMAEAHKEAMSRKLQQSESQGPPRAFAKVNSISPGSPSIAGLQ 
VDDEIVEFGSVNrONFOSLHNIGSWQHSEGALAPTILLSVSM 


AF6 


430993 


1 


LRKEPEuiVTIiOKQNGMGLSIVAAKGAGQDKLGIYVKSVVKGG 

AADVDGRLAAGDQLLSVDGRSLVGLSQERAAELMTRTSSWTL 
EVAKQG 


AIPC 


12751451 


1 


LmPSVISnGLYKEKGKGLGFSIAGGRDCIRGQMGIFVKTIFPNGS 

AAEDGRLKEGDEILDVNGIPIKGLTFQEAIHTFKQIRSGLFVLTVR 
TXLVSPSLTNSS 


AEPC 


12751451 


2 


GISSLGRKTPGPKDRIVMEVTLNKEPRVGLGIGACCLALENSPPG 
lYIHSLAPGSVAKMESNLSRGDQILEVNSVNVRHAALSKVHAILS 
KCPPGPVRLVIGRHPNPKVSEOEMDEVIARSTYOESKEANSS 


ALPC 


12751451 


3 


QSENEEDVCFIVLNRKEGSGLGFSVAGGTDVEPKSrrVHRVFSQ 

GAASQEGTMNRGDFLLSVNGASLAGLAHGNVLKVLHOAOLHK 
DALWnaCGMDOPRPSNSS 


AIPC 


12751451 


4 


LGRSVAVHDALCVEVLKTSAGLGLSLDGGKSSVTGDGPLVIKR 

VYKGGAAEQAGimAGDEILAlNGKPLVGLMHFDAWMMKSVPE 
GPVQLLIRKHRNSS 


alpha 
actinin-2 

LIM protein 


2773059 


1 


REEGGMPQTmPGPAAWGFRLSGGIDFNQPLVrrRrrPGSKAAA 

ANLCPGDVILAIDGFGTESMTHADGQDRIKAAAHQLCLKIDRGE 
IHLWSPHSIV 


APXL-1 


13651263 


1 


ILVEVQLSGGAPWGFTLKGGREHGEPLVTTKIEEGSKAAAVDKL 
LAGDEIVGINDIGLSGFRQEAICLVKGSHKTLKLVVKRNSS 


Atrophin-1 
Interacting 
Protein 


?947231 


1 


REKPLFTRDASQLKGTFLSTTLKKSNMGFGFraGGDEPDEFLQV 

KSVIPDGPAAQDGKMETGDVIVYINEVCVLGHTHADVVKLFOS 
VPIGQSVNLVLCRGYP 


Atrophin-1 
Interacting 
Protein 


2947231 


2 


LSGATQAELMTLTIVKGAQGFGFnADSPTGQRVKQILDIQGCPG 
LCEGDLIVEINQQNVQNLSHTEWDILKDCPIGSETSLnHRGGFF 


Atrophin-1 
biteracting 
Protein 


2947231 


3 


HYKELDVHLRRMESGFGFRILGGDEPGQPILIGAVIAMGSADRD 

GRLHPGDELVYVDGIPVAGKTHRYVIDLMHHAARNGQVNLTV 

RJRKVLCG 


Atrophin-1 
Interacting 
I*rotein 


2947231 


4 


EGRGISSHSLQTSDAVIHRKENEGFGFVnSSLNRPESGSTITVPHK 

[GRITOGSPADRCAKIXVGDRILAWGQSnNMPHADIVKLIKDA 
GLSVTLRUPQEEL 


Atrophin-1 
Interacting 
Protein 


2947231 


5 


LSDYRQPQDFDYFTVDMEKGAKGFGFSIRGGKEYKMDLYVLRL 

AEDGPAmNGRMRVGDQIIEINGESTRDMTHARAIELKSGGRRV 
EUXLKRGTGQ 
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Gene Name 


Glor 
Acc# 


PDZ# 


Sequence fiised to GST Construct 


Literacting 
Protein 


29472'^ 1 


< 


fTBQVT^^l^ 

ruso V i^JJUNrJivjv^i^vjjt'iiiJS.UijAJtlJNCrl^l'l' YJLGEVKPGKVAYESGS 

BCLVSEEIJULEVl^lPVAGLTIRDVIAVIKHCKDPLRLKCVKQGG 






1 


0 V uii VKurtrra vi^HllUNGDSLTSQLTLLGGNARGSFVHSVKP 

GSLAEKAGLREGHQLLLLEGCIRGERQSVPLDTCIKEEAHWTIO 
RCSGPVTLHYKVNHEGYRK 






1 

J. 


luu'AJtcjtULSi^ V 1 MJ-Ai" (^O^DALLEQIS VIGGltt-TGnTH^ 

ADQMALRPGTQI\ny[VDYEASEPLFKAVLEDTTLEEAVGLLRRV 
L'w^t-'JLo VJS.VJN IDGYKR (SEO ID NO:l 15) 


CASK 


3087815 


1 


TOVRLVQFQKNTOEPMGlTIJCMlSnBOmCIVAM 
TmVGDEnUEINGISVANQTVEQLQKMLREMRGSrrFICIVPSYRT 


Connector 
Enhancer 


3930780 


1 


LEQKAVLEQVQLDSPLGLEIHTTSNCQHFVSQVDTQVPTDSRLQ 
IQPGDEWQI>ffiOVWGWPRKN]VrVTlELLREPAGLSLVIJKKIPIP 


L^ytonesin 

Binding 

Protein 




1 
i 


QRKLVTVEKQDNETFGFEIQSYRPQNQNACSSEMFTLICKIQEDS 
P^CAGLQAGDXO-Al^GVSTEGFrYKQVVDLIRSSGNLLTlET 


jL/CnoUl loV 




I 
1 


KCl.lt^lK<jr(^l<SMjJUYJ:'Eyi<C;VRIEKNPGLGFSISGGISGQGNPFK 

PSDKGIFVTRVQPDGPASNLLQPGDKILQANGHSFVHMEHEKA 
VLLLKSFQNTVDLVIQRELTV 




't/ JOlO 


1 
i 


IQVNGTDADYEYEErnJHElGNSGLGFSIAGGTDNPfflGDDSSIFrr 
KirrGGAAAQDGRUlVM)CILQVNEVDVRDVTHSKAVEALKEA 

UroXVxCJL X VJvKKJN 


DLGl 


475816 


2 


IQLIKGPKGLGFSIAGGVGNQHIPGDNSIYVTKIffiGGAAHKDGK 
LQIGDKLLAVNlSrVCLEEVTHEEAVTALKNrSDFVYLKVAKPTS 

IVX xlVXiNXJVjriN 


DLGl 


475816 


3 


ILHRGSTGLGFNIVGGEDGEGIFISFILAGGPADLSGELRKGDRnS 
VNSVDLRAASHEOAAAALKNAGOAVTIVAOYRPEEYSR 






1 
1 


li> Y VJNG 1 ElEYEFEEITLERGNSGLGFSIAGGTDNPHIGDDPGIFrr 

KnPGGAAAEDGRI^VNDCILRVNEVDVSEVSHSKAVEALKEAG 
SIVRLYVRRR 






z 


LfiLJtil V VElJU.hKGPKGLGFSIAGGVGNQHIPGDNSIYVTKIIDGG 
AAQKJDGRLQVGDRLLMVNNYSIJBEVTHEEAVAIIJCNTSEVVYL 
KVGKPTnVMTDPYGPPNSS 


nt fx? 




0 
D 


u^iiujii'KJS.vvi.JtiKijSlULGFNWGGEDGEGIFVSFILAGGPADLS 

GELQRGDQILSVNGIDLRGASHEQAAAALKGAGQTVTIIAOHOP 

EDYARFEAKIBDDLNSS 






1 


(jlPYVEEPRHVKvt^KCiSliFLGISWSGEKGGIWSKVTVGSIAHQ 

AGLEYGDQLLEFNGINmSATEQQARLnGQQCDTrnLAOYNPH 
VHQLRNSSZLTD 


DLG5 


3650451 


2 


GILAGDANKKTLEPRVWIKKSQLELGVHLCGGNLHGVFVAEV 
liDDSPAKGPDGLWGDLILEYGSIX>VRl^TVEEVYVENILKPRD 
GVKLKVOYRPEEFTVTD 


DLG6, 

SpilCc 

variant 1 


14647140 


1 


PTSPEIQELRQMLQAPHFKALLSAHmiAQKDFEPLLPPLPDNIPE 
SEEAMRIV CL VKNQQPLGATKRHEMTGDILVARIIHGGLAERS 

GLLYAGDKLVEVNGVSVEGLDPEQVmiLAMSRGTIMFKWPVS 
DPPVNSS 


DLG6, 
splice 
variant 2 


AB05330 
3 


1 


PTSPEIQELRQMLQAPHFKGATIKRHEMTGDILVARIIHGGLAER 

SGLLYAGDKLVEVNGVSVEGLDPEQVIHILAMSRGTIMFKWPV 
SDPPVNSS 


DVLl 


2291005 


1 


LNXVTVTLNMERHHFLGISIVGQSNDRGDGGIYIGSIMKGGAVA 
ADGRIEPGDMLLOVND\WENMSNDDAVRVLREIVSOTGPISLT 
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Gene Name 


Glor 


PDZ# 


Sequence fused to GST Construct 








VAKCW ~ 


DVL2 


2291007 


1 

X 


L-iNUi V 1LJNJVLKJS.I JNri^CjrlblVGQSNERGDGGlYIGS 

DGRIEPGDMLLQVl^MMrENMSNDDAVRVU^ 

VAKCWDPSPQNS 


DVL3 


6806886 


1 


"A V li-mvuiivilNri^ijrlblVuySJNJtiRGDQGIYIGSI^^ 

RJEPGDMLLQVNEI>afmsIMSNDDAVRVIJlEIVHKPGPriXTVAK 
CWDPSP 


ELFIN 1 


/ X*t*T 


1 
1 


L 1 1 l^l^lJJi^l^Lrl'Oi' WGFJbO. VGRKDFEQPLAISRVTPGSKAALANL 

CIGDVlTAIDGENTSNMim^AQMaKGCniJNLTLTVARSEH^ 
WSPLVTNSS 






1 
1 


lirMU^sl-KV Vi^iiGPAP WuJbltLQGGKDFNVPLSISRLTPGGKAAQA 
GVAVGDWVLSIDGENAGSLTHIEAQNKIRACGERLSLGLSRAQP 


ERBIN 


8923908 


1 


QGHELAKQEIRVRVEKDPELGFSISGGVGGRGNPFRPDDDGIFV 
VELnVREVSS^^^^^^^^^^^^^^^^^^^ ^ 


EZRIN 
Protein 50 


3220018 


1 


QMSADAAAGAPLPRLCCLEKGPNGYGFHLHGEKGKLGQYIRLV 
uruai* AliJ<^<jj^j^AGDRLVEvNGENVEECETHQQVVSRIRAAI2^A 
VRLLWDPETDEQLQKLGVQVREELLRAQEAPGQAEPPAAAEV 
QGAGNENEPREADKSHPEORELRNSS 


EZRJN 
Binding 
Protein 50 


322001 8 

ft f t\J\J X O 




EASGLRAQDRIVEVNGVCMEGKQHGDWSAIRAGGDETKXLV 
VDRETDEFFBDNfSS 


FLJOOOl 1 




1 

X 


V ix-JSJKJVlKC^SLUlSISGGIESKVQPMVKIEKIFPGGA 
AFLSGALQAGFELVAVDGENiJEQVTHQRAVDTIRRAYRNKARE 
PMELWRVPGPSPRPSPSD 


FLJ11215 


X x**r^V/^Ub/ 


1 

1 


nujii>iirK.v vjiJj'j&.liilsULLi^i'NJlMGGKEQNSPIYISRlff 

GGLKRGDQLLSVNGVSVEGEHHEKAVELLKAAQGKVKLWRY 
TPKVLEEME 


FT Jl 2428 


0 


1 

1 


ru^MJ- 1 AJSJ^ij* llVWJL»AVOWGFNr\^GSKPCHIQAVDPSGPAAAA • 

GMKVCQFWSVNGUSrVIJIVDYRWSlSOLTGPRTIVMEVM^ 
EC 


FLJ12615 




1 

1 


vjv I KjyjDi vJSJVJtuJius-AKiJU'LU^ATVRNEMDSVnSRIVKGGAAEK 
SGLXra^DEVIJEINGIEIRGia)V]SIEVTDIXSD]Sm^ 


FLJ20075 




1 
i 


ILAH V Ktjll3JUi\WnfKSa)SLGLTlTDNGVGYAFIKRIEGD 

SVKTICVGDHIESmGEl^GWRHYDVAKKLKEIJECKEEIJnnV^ 
lEPKKAFEI 


^121687 


104*^78^6 




Ro-o vAo\jnr o v jsjl v kxj x AliJrCjJLl'JLUGGRDVAGDTPLAVRGLLK 

DGPAQRCGRLEVGDLVLHINGESTQGLTHAQAVERIRAGGPOL 
HLVIRRPLETHPGJGPRGV 


FLJ31349 


AK0SS01 

I 




r viviovi*^AL;jwiiiivJtlJJb'JNlJU:'GJBGLGMYIKSTYI)GUJVlTGT^ 

PADRSQKIHAGDEVIQVNQQTWGWQLKNLVKKLRENPTGVV 
LLLKKRPTGSFNFTPEFIVTD 


FU32798 


AK05736 
0 




LDDEEDSVKIlRLVK^^lEPLGATIKKDEOTGATTVARTMPr:r^A Ar» 
^^ig-fflVGDEI^VNGIPVEDKRPEEnQmAQSQGAITF^^ 


GoRASPl 


NM03189 
9 


1 


MGLGVSAEQPAGGAEGFHLHGVQENSPAQQAGLEPYFDFirriG 
HSRLNKENDTOLALLKANVEKPVKXEVFNMKTMRVREVEV^ 
SNMWGGOGLLGASVRFCSFKRASE 
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Gene Name 


Glor 
Acc# 


PDZ# 


Sequmce fused to GST Construct 




Miv/rn'41 so 
9 




K^ftisci^ V w Jti V lAJ V JtirssrAALAUJUKl' YIL) Y WGSDQILQESEDFF 

TLIESHEGKPLKLMVYNSKSDSCKEVTVTPNAAWGGEGSLGCGI 
GYGYLHRIPTO 






1 
1 


lYiussi^sviiiJt'UUUliiLrYJttVJLJlVQENSPGHRAGLEPFFDFIVSING 

SRLlSKI)NDTIja)LLKA>rVEKPVHVa 

W vjvJvLyJ^LfLr V oixCr UoJr JJvjAJN Ji 


G0RASP2 


13994253 


2 


NEhnnVHVLEVESNSPAALAGIJlPHSDYnGADTVMNESEDLFSL 
ffiTHEAKPLKLYVYNTDTDNGREVmPNSAWGGEGSLGCGIGY 

n.'VT TTT> 1 ly 1 '■> 


GR]P1 


4539083 


1 


VVEIMKKEGirj.OUrVSGGroKDGKPRVSNLRQGGIAARSDQL 
DVGDYIKAVNGINLAKFRHDEnSLLKNVGERWLEVEYE 






z 


Kiss VlbRlVJbi V TLHKBUN rjeGFVIRGGAHDDRNKSRPVVn"C^^ 

GGPADREGTIKPGDRLLSVDGIRLLGTIHAEAMSILKQCGQEAA 
LLIEYDVSVMDSVATASGNSS ( 


r2.T>TD 1 

LiivLr 1 




i 


HVAiAsUJ:'l.JLVMVAKTPGASLGVALTTSMCCm:QVIVIDKIKSA 
SIADRCGAIJWGDHII^roGTSMEYCTtJVEATQFLAmTDQVKL 
EBLPHHOTRLALKGPNSS 








UVAIASGPIXVEVAKTPGASLGVALTTSMCCNKQVIVIDKIKSA 
SIADRCGALHVGDHn^roGTSMEYCniAEATQFLANTTDQVKL 


GRIP 1 


4539083 


5 


AESVn>SSGTTHVIG.PKKHNVELGITISSPSSRKPGDPLVISDIKKG 
SVAmXGTLELGDKLLAIDNIRLDNCSMEDAVQILQQCEDLVKL 

isJl\JsJJJcilJJN oU 


GRIP 1 


4539083 


6 


lYTVELKRYGGPLGiriSGTEEPFDPinSSLTKGGLAERTGAimGD 
RILAINSSSLKGKPLSEAIHLLOMAGETVTLKIKKOTDAOSA 






/ 


IMbP 1 P vblJiK V 1 YJtUJ SDMEDFGFSVADGLLEKGVYVKNIRP 

AGPGDLGGXJOPYDRLLQVNHVRTRDFDCCLVWLIAESGNKLD 
LVKRNPLA 


lj 1 Jr ase 

Activating 

Enzyme 




1 
1 


LbRCKJETRELALPRDGQGRLGFEVDAEGFVTHVERFTFAETAGL 

RPGARLLRVCGQTLPSLRPEAAAQIJLRSAPKVCVTVLPPDESGR 
PRNSS 


Guanine 

Exchange 

Factor 




1 
1 


CSVMJl'EVVEQAGAIILEDGQELDSWYVILNGTVEISHPDGKVEN 

LFMGNSFGrrPTLDKQYMHGIVRTKlVDDCQFVCIAQQDYWRIL 

NHVEKl'nHKVEEEGErVMVHEFIVTD 


EIEMBA 
1000505 


10436367 


1 


LENVIAKSLLIKSNEGSYGFGLEDKNKVPIIKLVEKGSNAEMAG 
1V[EVGKKIFAINGDLVFI^RPFNEVDCFIJKS(XNSRKPUIVLVSTK 

D 

r 


EIEMBA 
1000505 


10436367 


2 


PRETVKIPDSADGLGFQIRGFGPSWHAVGRGTVAAAAGLHPG 
QCIIKVNGIIWSKJETHASVIAHVTACRKYRRPTKODSIONSS 


tlrSiVJLD/\. 

1003117 


/UZZUUX 


1 


EDFCYVFTVELERGPSGLGMGLIDGMHTHLGAPGLYIQTLLPGS 

PAAADGRLSLGDRILEVNGSSLLGLGYLRAVDLIRHGGKKMRFL 
VAKSDVETAKKI 


lloirL^Zz / 


/lUoo4i 


1 

1 


NNELTQFLPk 111 l^lfUECPPGAQLGFNIRGGKASQLGm 

AHRAGLQEGDQVLAVNDVDFQDIEHSKAVEILKTAREISMRVR 
FFPYNYHRQKE 


ETTRAa 


AY04009 
4 


1 


* v^x-'xvv^xxvi^ vv rvjNjvT i\jrjLi\JLVJLiN> 111 x^ol^ V U Jj>l-.JvA^^ IN PI Jr V ooCjrl 

YVQEVAPNSPSQRGGIQDGDnVKVNGRPLVDSSELQEAVLTESP 
LLLEVRRGNDDLLFSNSS (SEQ ID NO: 158") 


irniA4 


AL57644 
4 


1 


HKKYLGLQMLSLTWLSEELKMHYPDFPDVSSGVYVCKVVEGT 

AAQSSGLRDHDVrVNXNGKPnriTDVVKALDSDSLSMAVLRGK 
DNLLLTVNSS 
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Gene Name 


Glor 
Acc# 


PDZ# 


SequCTce fused to GST Construct 




7*^701 AS 
^ J /U IHo 


1 
i 


IWt^lliYllJJliia'STGGLGFSVVALRSQM.GKVDlt^ 

DRDQRLKENDQIIJU^raTPII)Q^IISHQQAIALLQQITGSUlLIVA 
REPVHIXSSTSSSE 


lINrvL/JLr 


9*^701 AS 


Z 


LfJil vCW<jHVJbiiVhLlNDtiSGLGFGIVGGKTSGVVVRTTVPGGL 
ADRDGRLQTGDHILKIGGTNVQGMTSEQVAQVLRNCGNSVRM 
LVARDPAGDISVTNSS 




9'^7ni AR 


-3 


FGbDbSU-lil xNVEl.VKJ«LUUgSLGIRIVGYVGTSHTGEASGIYVK 
SlffGSAAYHNGfflQVNDKIVAVDGVMQGFANHDVVEVLRNAG 
QWHLTLVRKKTSSSTSRIHRD 






/I 
4 


NSDDAELQKYSKIJJ'JUiiJJba.GVEVDSEDGHHYlSSW 

LGLLQPEDELLEVNGMQLYGKSRREAVSFLKEVPPPFTLVCCRR 
LFDDEAS 


LIN/VJJJL 


23 /014o 


5 


Lt>SJPEVKJVELVK]XKGLGFS]IJDYQDPII)PTRSVIVIRSLVADG 

VAERSGGLLPGDRLVSVNEYCLDNTSLAEAVEILKAVPPGLVHL 
GICKPLVEFIVTD 




Z3 /Ui4o 


o 


PNFSHWGPPklVJiJLeKEPm^SLGISIWGQTVlKJ^^ 

KQVLEDSPAGKTNALKTGDKILEVSGVDLQNASHSEAVEAIKN 
AGNPWFIVQSLSSTPRVIPNVHNKANSS 




0 1 T A 1 /I Q 

Zj /Ui4o 


/ 


PLriiiJiiJUtiJJlKDKNGLGLSLAGNKDRSRMSIF W AAAD 

GRMMGDELLEINNQILYGRSHQNASAIIKTAPSKVKLVFIRNED 
AVNOMANSS 




ZJ /U14o 


o 
O 


PATCTIVPGQEMilElSKGRSGLGLSIVGGKDTPLNAIVIHEVYEE 
G^^ARDGiaWAGDQIUEVNGVDIJlNSSHEEAITALRC^QKVR 


VTA Afti AT 


140yo /D 


1 
1 


LL 1 1. 1 ILKQ rGGLGISIAGGKGSTPYKGDDEGIFISRVSEEGP AAR 

AGVRVGDKLLEVNGVALQGAEHHEAVEALRGAGTAVOMRVW 
RERMVEPENAEFIVTD 


KTTA Ani An 
KJLf\A.U14/ 


14oyo75 


z 


PLRQRHVACLARSERGLGFSIAGGKGSTPYRAGDAGIFVSRIAE 

GGAAHRAGTLQVGDRVLSINGVDVTEARHDHAVSLLTAASFn 
ALLLEREAGG 


CTA AA1 AT 


1 A<OQ7< 


3 


u.JiUl'Yi'VEElRLPRAGGPLGLSIVGGSDHSSHPFGVQEPGVFISK 

VLPRGLAARSGLRVGDRILAVNGQDVRDATHQEAVSALLRPCL 
ELSLLVRRDPAEFIVTD 


K'TA AHI AT 


1 >I#CAQT^ 


4 


RELCIQKAPGERLGISIRGGARGHAGNPRDPIDEGIFISKVSPTGA 

AGRDGRLRVGLRLLEVNQQSLLGLTHGEAVQLLRSVGDTLTVL 
VCDGFEASTDAALEVS 


ITT A AAQH^ 


ZZz4j40 


i 


PHQPIVmSSGKNyurilKAmVYVGDSDIYTVHHIV^ 
ACQAGUCAGDUTmNGEPVHGLVHTEVffiLLIXSGNKVSnTTP 




7/rc'70/CA 
/Oj /ZOU 


1 


tiJ^KJ-l.JNlAUAAJ<LAlCRRLMTLTBaPSREAPLPFILLGGSEKGFGmV 
DSVDSGSKATEAGLKRGDQILEVNGQlSnPEMQI^KAMEILRNNT 
HLSrrVKTNLFVFKELLTRLSEEKRNGAPNSS 




oooilzi 


1 


lJ:'J'AJt'JKJ<LVJajVLKJba3PVLGFGFVAGSEKPVVVRSVTPGGPS 

GDQIVM1M5EPVSAAPRERVIDLVRSCKESILLTVIQPYPSPKSEFI 
VXD 


OAA0340 


2224620 


1 


LNKRllMPKDSGAIXGIXWGGKMTDLGRLGAFITKVKKGSL 
ADWGHLRAGDEVLEWNGTCPT POATMPm/VKmr x!K^<iTiT>r\\m-n 

VSRPIGDIPRJHRD 


EaAA0380 


2224700 


1 


QRCVnQKDQHGFGFTVSGDRIVLVQSVRPGGAAMKAGVKEGD 
RIIKVNGTMVTOSSHLEVVKLIKSGAYVALTLLGSS 


KIAA0382 


7662087 


1 


[LVQRCVnQKDDNGFGLTVSGDNPVFVQSVKEDGAAMRAGVQ 
rGDRUKVNGTLVTHSNHLEWKLIKSGSYVALTVOGRPPGNSS 
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Sequence fused to GST Construct 


KIAA0440 


2662160 




SVEMTLRRNGLGQLGraVhTV^GIVADVEPYGYAWQACS^RQGS" 
EyLVEICKVAVATLSHEQMIDLLRTSVTVKWirPPHD 


EQAA0545 


14762850 




Ljs. viYii j>«j wui viJJViiJLRKNGLGQLGFHVKYDGTVAEVEDYGF 
AWQAGLRQGSRLVEiaECVAVVTLTHDQMTOLUlTSVTVKVVnP 
PFEDGTPRRGW (SEO ID NO: 179) 


BCIAA0559 


3043641 




n X irrilAlUJsaiKJJbKJDiri^SGNGLGIRWGGI^ 
AKILPGGSAEQTGKLMEGMQVLEWNGffLTSKTYEEVQSnSQQ 


KIAA0561 


3043645 




LCGSLRPPIVIHSSGKKYGFSLRAIRVYMGDSDVYTVHHWWSV 
EDGSPAQEAGLRAGDLmnNGESVLGLVHMDVVELLLKSGNKI 


KJAA0613 






SYSVTLTGPGPWGFRLQGGKDFNMPLTISRirPGSKAAQSQLSO 
GDLWAIDGVOTDTMimEAONKIKSASYNLSLTLOKSKNSS 


KTAA07'?1 
RIM2 






1 L-MUliHbHSDKHPV 1 WQPSKDGDRLIGRILLNKRLKDGSVPRDS 
GAMLGLKWGGKMTESGRLCAITTKVKKGSLADTVGHLRPGD 
EVLEWNGRLLQGATFEEVYNIILESKPEPOVELWSRPIG 


KIAA0807 






iriAJ^ijrbMKi'Jr'JULJHRAGKKYGFIXRAIRVYMGDSDVYTVHHMV^ 

HVEDGGPASEAGLRQGDLITHVNGEPVHGLVHTEVVELILKSGN 
KVAISTTPLENSS 


KIAA08S8 


4240204 




r c>i^iviKibJiNl^l±'<jrJsJ^i.DJbCrJb 1 IKWDIPGIFVASVEAGSPAEFSQLO 

VDDEIIADNm^KFSYNDSKEWEEAMAKAQETC 

AGSPE 


KIAA0902 


4240292 




v^a AtLbH V IV^L-AJNlKPiiJttLrHiM YIKSTYDGLHVITGTTENSPADRC 

KKIHAGDEVIQVl^QTVVGWQIJQqLVNAIJlEDPSGVILTLKKR 
PQSMLTSAPA 


BaAA0967 


4589577 




Vii^ir vjuii vjsJUJ(UJlL,J^guYGFHISESLPLTWAVTAGGSA 

HGKUrPGDQILQMNNEPAEDLSWERAVDILREAEDSLSrrVVRC 
rSGVPKSSNSS 


KIAA0973 






vjri.is.or 1 1 ii^i^Lrj^ Y <jr±^ 1 LKAIRVYMGDTD VYS VHHIVWHVEEG 

GPAQEAGLCAGDLITHVNGEPVHGMVHPEVVEIJLKSGNKVAV 
TTTPFE 


CIAA1095 


588Q596 




v^uiililKbL-TLViJlRDSGSLGFNnGGRPSVDNHDGSSSEGIFVSKI 

VDSGPAAKEGGLQIHDiaiEVNGRDLSRATHDQAVEAFKTAKEP 
IWQVLRRTPRTKMFIP 


KIAA1095 


5889526 




i^±iiVLUKbiii.JiLbli V DL Y KJViNygDlQ-GLTVCyilTDDEDDI^ 

roPNSIAAKDGRIREGDRnQINGffiVQNREEAVAIXTSEENK^ 
LLIARPELQLD 


EQAA1202 


6330421 




Ivor V/ X V r V i^i.v^uuAi:' w CjJ:* 1 L.KGGLEHCEPLTVSKIEDGGKAAL 

SQKMRTGDELVNINGTPLYGSRQEALILIKGSFRILBCLIV^^ 
PVS 


KIAA1222 


6330610 




ii^cisA^tiL,t:f V rii-liJ!UJiiiJUl^(jisU(iMGVGADAGLEKLGIFVKTVT 

EGGAAQRDGRIQV>roQIVEVDGISLVG\nrQNFAATVUlNTKGN 
VRFVIGREKPGOVS 


ECIAA1284 


6331369 


1 

X 


c^vi^ V I viNrjsjsjLi vuLAKJBt^JLKLLEVLVGIIHQTKWSWRRTGK 
QGDGERLVVHGLLPGGSAMKSGQVLIGDVLVAVNDVDVTTENI 
ERVLSCEPGPMOVKLTFENAYDVKRET 


EaAA1389 


7243158 




rRGCETVEMTLRRNGLGOIXjFHVNFEGIVADVEPFOP'A Wlf AOT 
RQGSRLVEICKVAVATLTHEQMIDLLRTSVTVKVVnQPHDDGSP 


EaAA1415 


7243210 


1^ 


VENILAKJa.LILPQEEDYGFDffiEKNKAVVVKSVQRGSLAEVAG 

LQVGRKIYSINEDLVFLRPFSEVESILNQSFCSRRPLRLLVATECAK 
EIDCIP (SEO ID NO: 195") 
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PDZ# 


Sequence fused to GST Construct 


KIAA1526 


5817166 

O 1 / 1\JV/ 


1 

1 


r ucj Aoruii V Ki-r V i>l^KKAlfLAJ±bCjL<jl:' SlRGGSJhJHGVGIYVSLVEP 

GSLAEKEGLRVGDQILRVl^KSLARVTHAEAVKALKGSK^ 

S VYS A TPnTrWHrNm l u\i\\rvY\ 
V X OjrvvJXviir vjvj I V XiNJcxUirXV 1 L/ 


KIAA1526 


5817166 


2 


LQGGDEKKVNLVLGDGRSLGLTIRGGAEYGLGIYirGVDPGSEA 
EGSGLKVGDQlLEVNWRSFLNlIJIDEAVIU-IJLSSmiLILTVKDV 


KIAA1526 


5817166 


3 


WTSGAHVHSGPCEEKCGHPGHRQPLPRIVnQRGGSAHNCGQL 
K^GHVILEWGLTLRGKEHREAARnAEAFKIKDRDYIDFLDSL 




1 004.7"^ 1 f\ 


1 

X 


tH*KKAiiL VJallVETEAQTGVSGlM V ACiGQKEGIFVRELREDSPAA 

RSLSLQEGDQLLSARVFFENFKYEDALRLLQCAEPYKVSFCLKR 
TVPTGDLALRP 




1 OOAl'^AA 

X\/\JH / J't^ 


1 

1 


t'JiyLKGVLVRASLKKSTMGFGFinGGDRPDEFLQVKNVLKDGP 

AAQDGKIAPGDVIVDINGNCVLGHTHADVVQMFOLVPVNOYV 
NLTLCRGYPLPDDSED 


KIAA1634 


10047344 


2 


ASSGSSQPELVTIPLIKGPKGFGFAIADSPTGQKVKMILDSOWCO 

LjLl^KCrDIIKEIYHQNVQNLTHLQVVEVLKQFPVGADWLLILRG 
GPPSPTKTAKM 


KIAA1634 


10047344 


3 


LYEDKPPLTNTFLISNPRTTADPRILYEDKPPNTKDLDVFLRKOE 
s>Lrl^Cjl^KVLGGDGPDQSIYIGAIIPLGAAEKDGRLRAADELMCIDG 
IPVKGKSHKQVIJJUOTAiyjNGHVIXTVRRKIFYGE^ 
GSPGIHRELT 


KIAA1634 


1 0047 '^44 


A 


I'AFl^liFYDVVLQRKEJffiGFGFViLTSKNKPPPGVIPHKJGRVIEG 

SPADRCGKLKVGDHISAVNGQSIVELSHDNIVQLIKDAGVTVTL 

TVXAJEEEHHGPP S 


KIAA1634 


10047344 


5 


QNLGCYPVELERGPRGFGFSLRGGKEYNMGLFILRLAEDGPAIK 

DGRIHVGDQIVEINGEPTQGnHTRAffiLIQAGGNKVLLLLRPGT 
GLIPDHGLA 


KIAA1719 


1267982 


0 


rrWELKKEGSTLGLTISGGTDKDGKPRVSNLRPGGLAARSDLL 
mGDYmSVNGIHLTRLRHDEiriI.LKNVGERVVLEVEY 






1 
i 


ILD VSLYKEGNSFGFVLRGGAHEDGHKSRPLVLTYVRPGGP AD 
^G^KVGDRLLSVDGIPLHGASHATALATLRQCSHEALFQVEY 


ICTAA171Q 


l-^U /70^ 




LHl VANASGPLMVElVKTPGSALGISLTTTSLRNKSVITIDRIKPAS 

WDRSGALHPGDHILSIDGTSMEHCSLLEATKLLASISEKVRLEIL 
PVPQSORPL 


KIAA1719 


1 967089 




«^lVlll±iirEVVL(JGL»±'JLBGJbGLQLQGGIFATETLSSPPLVCFIEPlJ 

SPAERCGLLQVGDRVLSINGIATEDGTMEEANQLLRDAALAHK 
WLEVEFDVAESV 


CIAA1719 


1 967089 

l^v / 




W^A-U V Abb V IFbSCr 1 Jb Jrt V J<U.FJKKRS VELGmSS ASRKRGEPLnSDI 
^l^^raTLEPGDKLLAIDNIRLDNCPMEDAVQILRQCEDL 


CTAA171Q 


1 9670R9 




IC^ 1 1 <jfA V S y i viiJLl<LK YGUFLGITISGTEEPFDPIVISGLTBCRGLAE 
^TGAIHVGDRILAINlSrVSLKGRPLSEAniLLQVAGEWTIJG^ 




■ 967089 




\\JtJN\^h,\JL\Je 1 PLhMHK V 1 LJJJKXJPMRHDFGFSVSDGLLEKGVY 

VBTVRPDGPAHRGGLQPFDRVLQVNHVRTRDFDCCLAVPLLAE 
AGDVLELnSRKPHTAHSS 


LIM 

Mystique 


12734250 




NIALTVDVAGPAPWGFRTTGGRDFHIPIMVTKVAERGKAKDAD 
-^GDHVAINGESAEGMLHAEAQSKIRQSPSPLRLQLDRSQATS 


LIM Protein 


3108092 




3NYSVSLVGPAPWGFRLQGGKDFNMPLTISSLKDGGKAAQANV 
EaGDWLSIDGmAOGMTHLEAONKIKGCTGSLNMTLORAS 
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r nv/TK'i 




1 
1 


ll^VaiSKJLYCGHCryYQTVV'lir'VlEgJUJeiJSPGSHlJ^ 

ASSHGKRGLSVSIDPPHGPPGCGTEHSHTVRVQGVDPGCMSPDV 
PUN am V uJJKJLLJiUN (a fr IKNVPLDEIDIXIQETSRLLQLTLEHD 


LIMK2 


1805593 


1 


PYSV^XISMPAl-ll^GKRGFSVSVESACS^^^ATTVQVKEVNRMm 

orJNJNKJNAllli'CjDlaLEING 

HD 


LIM-RIL 


1085021 


1 


raSVTLRGPSPWGFRLVGRDFSAPLTESRVHAGSKASLAALCPGD 
LiyAINGESTELlvrmLEAONRIKGCHDHLTLSVSRPE 


LU-1 


U52111 


1 


VCYRTDDEEDLGIYVGEVNPNSIAAKDGRIREGDIUIQINGVDVO 
NREEAVAILSQEENTNISLLVARPESOLA 




DO /Kiyy 1 


1 


PSELKGKFIHTKLRKSSRGFGKrVVGGDEPDEFLQIKSLVLDGPA 

ALDGKMETGDVWSVMyrCVLGHIHAQVVKIFQSIPIGASVDLE 
LCRGYPLPFDPDGIHRD 


v/iAKJXi 




L 


PATt^FiiOlVHIVKGPMGFGFriADSPGGGGQRVKQIVDSPRCSRG 

LKEGDLIV^VNKKNVQALTEINQVVDMLVECPKGS 

EVTLLVORGGNSSZ 


LVLfVvrXX 






QATQEQjjJb- Y 1 VELERGAKGFGFSLRGGREYNMDLYVLRLAED 

GPAERCGKMmGDEILEmGETTTa^MKHSRAIELIKNGGRRVKLF 

LKRG 


iVLrWJll 




A 


PG V V b 1 V Vt^r VElKRGENEGFGFVrVSSVSRPEAGTIT'AGNA 
CVAMPHKIGRIffiGSPADRCGKLKVGDRILAVNGCSrrNKSHSDI 
VNLIKEAGmvrmilPGDESSNAEFIVTD 


lYLrVVJll 




J 


PDYQEQlJlhJLWKJ<LETGFGFRILGGlSIEPGEPmGHIVPIXjAADTD 

GRLRSGDELICVDGTPVIGKSHQLWQm(X)AAKOGHVNLTVR 
RKWFAVPKTENSS 


LYLvTLi/^ 3 2r ^ 


7 


1 
i 


fAKMEKEEllKEl.l.L.i'JN W QGSGSHGLHAQRDDGVFVQEVTQN 

SPAARTGVVKEGDQWGATIYFDNLQSGEVTQIXNrMGHHrVG 
LKLHRKGDRSPNSS 


MTNTTl 
iVllIN 1 1 




1 
1 


bENCKdWffiKyKOElLGVVIVESGWGSIU>TVIIANMMHGGPAE 

KSGKLMGDQIMSINGTSLVGIJLSTCQSIIKGOQ^QSRVKLNIVR 
CPPVNSS 








LKfjfJfW 1 1 VL-lRKPDLRYQLGFSVQNGnCSLMRQGIAERGGVRV 

GHRimiNGQSWATPHEKIVHII^NAVGEIHMKTMPAAMYRLL 
NSS 


MINT3 


3169808 


1 


HNGDLDHFSNSDNCREVHLEKRRGEGLGVALVESGWGSLLFTA 

VIAlvrLLHGGPAERSGALSIGDRLTAINGTSLVGLPLAACOAAVR 
ETECSQTSVTLSIVHCPPVT 


MI1SIT3 


3169808 


2 


PVTTAUHRPHAREQLGFCVEDGnCSLLRGGIAERGGIRVGHRIIE 
iJNuyb V VAll^JtiARIIELLTEAYGEVHIKTMPAATYRLLTG NSS 


MPPl 


189785 


1 


RKVRLIQFEKVTEEPMGmjKLl^KQSCTVARILHGGMIHRQGS 
LHVGDEn.EmGT>rVTMISVDOLOKAMKETKGMISLKVIPNO 






X 


PVPPDAVRMVUIKKTAGEHLGVTFRVEGGELVIARILHGGMVA 
QQGLLHVGDEKEVNGQPVGSDPRALQELLRNASGSVILKILPNY 

Q 




1 nooQi o 

1 UZZoiZ 


I 


iNUJliJJJ:* JJiiJiS VJO VKJLVKNKEPLGATIRRDEHSGAVWARIMRG 
GAADRSGLVHVGDELREVNGIAVLHKRPDEISQILAQSQGSITLK 


MUPPl 


2104784 


1 


QGRHVEVFELLKPPSGGLGFSWGLRSENRGELGIFVQEIQEGSV 
^^^^^^TDQILAINGQALDQTnHQQAISILQKAKDTVQLVI 


ivnjppi 


2104784 


2 


PVHWQHMETIELVNDGSGLGFGnGGKATGVIVKTILPGGVADQ 
HGRLCSGDHILKIGDTDLAGMSSEOVAQVIilOCGNRVKLMIAR 
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GAIEERTAPT 


IviUJrlr 1 






i^jasji iriJ V Jii^ij^jN Vi^Ul^UlTIAG YlGDJOa.£PSG]FVKSriKSSAV 

EHDGRIQIGDQEAVDGTNLQGFTOQQAVEVLRHTGQTVIXTLM 
RRGMKQEA 


MTTPP1 




/f 
4- 


UN yjtilY VAJiVbJtUr'bJbNbOLGISLEATVGHHFIRSVLPEGPVGHSG 

KIJSGDEJJLEVNGnXIXjElSnHQDVVlOTjmjPIEVTMVCC^ 
PT 


NVTTTP'DI 
WLiJrir 1 


0 1 nAIQA 




WEAGIQHIELEKGSKGLGFSILDYQDPIDPASTVIIIRSLVPGGIAE 

KIJGRLIPGDM.MFVNDVNLENSSLEEAVEALKGAPSGTVRIGV 
AKPLPLSPEENSS 




01 CiAIQA 

ZlU4/o4 


b 


KJN V SJUiSi- JiKl JLNIAKGNSSLGMTVSANKDGLGMIVRSIIH 

SRDGRIMGDOI^INEESTISVlNAQARAMLRRHSLIGPDIKnTV 
PAEHLEE 


N>fTTT>T>l 


01 CiAIQA 


/ 


LNWJvlQPkkVEl.WKiil'SKSLGISIVGGRGMGSIUJSNGEVMRGlFI 
KHVLEDSPAGKNGTOOPGDRIVEVIXjMDLRDASHEQAVEAIRK 
AGNPWFMVOSIBSIRPRKSPLPSLL 




0 1 A/1'7C/I 


Q 
O 


LTGELHMffiLEKGHSGLGLSLAGNKDRSRlVlSVFIVGIDPNGAAG 

KIJGRLQIADELI^INGQILYGRSHQNASSnKCAPSKVKIIFIRNKD 
AVNQ 


LYLUJrir 1 


Z1U4/0*!' 


Q 


LSSFBOsrvQHIJEO»KDQGGLGlAISEEDTLSGVIIKSLTEH 

DGKLKVGIX3IIAVDDEIWGYPIEKFISIJJ&TAJMWLTIHAEN 
PDSQ 


IVLUJrJr 1 


Z1U4/04 




LPGCETTIEISKGRTGLGLSIVGGSDTLLGAniHEVYEEGAACKD 

GRLWAGDQILEVNGroUlKATHDEAINVLRQTPQRVM.TLYRD 
EAPYKE 


LVlUJrJrl 


ZlU4/o4 


1 1 
11 


K£EEVCDTLTIELQKKPGKGLGLSIVGKRNDTGVFVSDIVKGGIA 

DADGRLMQGDQILMVNGEDVRNATQEAVAALLKCSLGTVTLE 
VGRJKAGPFHS 


TV/IT TPT>1 


ZlU4/o4 


IZ 


LQliJ^KlViiMKKGFroSLGISIAGGVGSPLGDWIFIAMMHPTGV 
AAQTQKUlVGDRIVTICGTSTEGlSmn'QAVNLLKNASGSffiMO 
WAGGDVSV 


MUirJri 


ZlU47o4 


13 


LGPPQCKSITLERGPDGLGFSIVGGYGSPHGDLPIYVKTVFAKGA 

ASEDGRIJCRGDQIIAVNGQSI^GVTHEEAVAILKRTKGTVTIMV 
LS 


INeJL/l-fVjr 


lUoOjyZU 


1 


IQYEEIVLERGNSGLGFSIAGGIDNPHVPDDPGlFITKnPGGAAAM 

DGRLGVNDCS^RVNEVEVSEVVHSRAVEALKEAGPVVRLVVR 
RRQN 


iSCiJLXJ 


iUoojyzu 


Z 


ril,LKGPKGLGFSIAGGIGNQHIPGDNSIYTrBGaEGGAAQKDGRL 

QIGDRIXAVNNimQDVRHEEAVASLKNreDMVYLKVAKPGSL 
E 


INejJJLvJ 






u.LijLR.U5 iCiJUUl- VGGEDGEGIFVSFILAGGPADLSGEUIRGDRI 

LSVNGVNLRNATHEQAAAALKRAGQSVIWAQYRPEEYSRFES 

yKaJ±Ul.KbQMMJNSSMSSGSGSLRTSEBCRSLE 


Neurabin n 


AJ401189 


1 


CVERLELFPVELEKJDSEGLGISnGMGAGADMGLEBCLGIFVKTVT 

EGGAAHRIX3RIQV1TOLLVEVDGTSLVGVTQSFAASVLRNTKGR 
VRFMIGRERPGEOSEVAORIHRD (FiVn ID 't<sn-'JAT\ ■ 


NOSl 


642525 


1 


IQPNVISVRLFKRKVGGLGFLVKERVSKPPVnSDLlRGGAAEQSG 
LIQAGDULAVNGRPLVDLSYDSALEVLRGIASETHWLILRGP 


novel PDZ 
gene 


7228177 


1 


QANSDESDIIHSVRVEKSPAGRLGFSVRGGSEHGLGIFVSKVEEG 

SSAERAGLCVGDKITEWGLSLESTTMGSAVKVLTSSSRLHMM 

VKRMGRVPGIKFSKEKNSS 
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aovel PDZ 
gene 


7228177 


2 


PSDTSSEDGVRRIVHLY'll•SDDJt«CLGF^^RGGKEFGLGIYVSKVD 

HGGLAEENGIKVGDQVIAANGVRFDDISHSQAVEVIXGQnnM 
LTKETGRYPAYKEMNSS 


XT 1 

Novel 

Serine 
Protease 


1621243 


1 


KJKKFLTESHDRQAKGKAIIXKKYIGIRMMSLTSSKAKELKDRH 
RDITDVISGAYIlEVIPDTPAEAGGLKSSIDVnSINGQSVVSAlslDV 
SDVlKElESTLNMVVRRGNEDIMirV 


Numb 

Binding 

E*rotein 


AK0So82 

3 


1 


PDGEITSIKINRVDPSESLSIRLVGGSETPLVHmQHIYRDGVIA^ 

GRLLPGDIIUCVNGMDISlSrVPHNYAVia.UlQPCQVLWLTVMRE 
QKFRSKNSS 


Numb 

Binding 

Protein 


AK0S682 
3 


2 


HRPia)DSFHVIIJ>JKSSPEEQLGIKI.VRK:VDEPGWIFTSrVLDGGVA 

YRHGQLEENDRVLAINGHDLRYGSPESAAHUQASERRVULWS 
RQVRQRSPENSS 


Numb 

Binding 

Protein 


AK0S682 

3 


3 


PlllUJlEKVVNIQKDPGESLGMTVAGGASHElEWDLPIYVISVEP 

GGVISRDGRIKTGDILLlSrVT)GVELTEVSRSEAVAIXKRTSSSIVL 
KALEVKEYEPOEFIV 


Outer 
Membrane 


7023825 


1 


LLTEEEINLTRGPSGLGFNIVGGTDQQYVSNDSGIYVSRIKENGA 

AALDGRLQEGDKILSVNGQDLKNLLHQDAVDLFRNAGYAVSL 
RVQHRLOVQNGIHS 


p55T 


12733367 


1 


PVDAIRILGIHKRAGEPLGVTFRVENNDLVIARILHGGMIDRQGL 
LHVGDIKEVNGHEVGNNPKELQElXKNISGSVTIJaLPSYRI^^ 
PQQ 


PAR3 


8037914 


1 


PNFSUJDMVKLVEWNDGGPLGnrvn/PFSARGGRTLGLLVKRJL 

EKGGKAEHENLFRENDCIVRINDGDLRNRRFEQAQHMFRQAMR 

TPnWFHWPAANKEQYEQ 


PARS 


8037914 


2 


GKRLMQLKKGTEGLGFSrrSRDVTIGGSAPIYVKNILPRGAAIQD 

GRLKAGDRLIEVNGVDLVGKSQEEWSLLRSTKMEGTVSLLVF 
RQEDA 


PARS 


8037914 


3 


PREFLTFEWLM)SGSAGLGVSVKGNRSKENHADLGIFVKSI1NG 
GAASKDGRLRVNDQLIAVNGESLLGKTNQDAMETLRRSMSTEG 
NKRGMIQLIVASRISKCNELKSNSS 


PAR3-like 


AF42825 
0 


1 


PRTKDTLSDMTRTVEISGEGGPLGIHVVPFFSSLSGRILGLFIRGIE 

DNSRSKREGLFHENECIVKINNVDLVDKTFAQAQDVFRQAMKS 
PSVLLHVLPPQNR 


PAR3-like 


AF42825 
0 


2 


S]SnmAKKIKIDLKKGPEGLGFTWTRDSSmGPGPIFS^K>nLPKG 
AAIKDGRLQSGDRILEVNGRDVTGRTQEELVAMLRSTKQGETA 
SLVIARQEGH 


PAR3-like 


AF42825 
0 


3 


rrSEQLTFEIPLNDSGSAGLGVSLKGNKSRETGTDLGIFIKSIIHGG 
AAFKDGRLRMNDQLIAVNGESLLGKSNHEAMETLRRSMSMEG 
NIRGMIOLVILRRPERP 


PAR6 


2613011 


1 


PETHRRVRLHKHGSDRPLGFmDGMSVRVAPQGLERVPGIFISR 

LVRGGLAESTGLLAVSDEILEVNGIEVAGKTLDQVTDMMVANS 

HNLIYTVKPANQRNNVNSS 


PAR6 
BETA 


13537116 


1 


PVSSnDVDILPETHRRVRLYKYGTEKPLGFYIRDGSSVRVTPHGL 
EKVPGIFISRLVPGGLAQSTGLLAVNDEVLEVNGffiVSGKSLDQV 
TDMMIANSKbn^IITVRPANOKNNRIHRD 


GAMMA 


1 '^^'^71 1 R 
/ I X o 


1 
1 


"-^ ViJL V I V J<J^J±t<il(jrLJbKPLGFYI^^ 

PGIFISRMWGGLAESTGLLAV^roEVIJEVNGffiVAGKTIX>QVTD 
MMIANSHl^IVTVKPANORl^NVV 


PDZ-73 


5031978 


1 


RSRKLKEVRLDRLHPEGLGLSVRGGLEFGCGLFISHLIKGGQAD 

SVGLQVGDEIVRINGYSISSCTHEEVINLIRTKKTVSIKVRHIGLIP 
VKSSPDEFH 
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Gene Name 


GI or 
Acc# 


PDZ# 


Sequence fused to GST Construct 


U LJZ^" / 3 




z 


lroWKJiNJKJjJUS.VFISLVGSRGLGC^ 

AEVGLEIGDQIVEVNGVDFSISILDHKEAVNVLKSSRSLTISIVAAA 
GRELFMTDEF 




J\I3 17 / O 


•a 


r Jiv^jjvujrjsxi V i^iJKiJKJUlGSLJJLALEGGVDSPIGKVVVSAVYERG 

AAERHGGIVKGDEIMAINGKIVTDYTLAEADAALQKAWNOGG 
DWIDLWAVCPPKEYDD 


p"n7Tjn 




1 
1 


L 1 M JNrKtSCJSXaJti^jtiijKjjvi YGFFLRIEKDTEGHLVRWEKCSPA 

EKAGLQDGDRVLRINGVFVDKEEHMQWDLVRKSGNSVTLLV 
LDGDSYEKAGSPGIHRD 






Z 


Y 1. V JJLUULrS Y SJLXTVQGKKGVYMTDITPQGVAMRAG 

ADDHLffiVNGENVEDASHEEVVEKVKKSGSRVMFLLVDKETOK 
REFT/TD 




^7*Hf loo 


-a 


Ql:'lsJ<JilASlJKJLLPH<^rRlVEMKKGSNGYGFYLRAGSEQKGQIIK 
DroSGSPAEEAGLKlSIlSIDLWAVNGESVETIJDHDSVVEMIRKGG 
DQTSLLVVDKETDNMYRLAEFrVTD 


IT l^ZjJvl 


^7^^ 1 oo 


H 


iJiiivi^jfcUiJ'j^UKJLAKGENGYGFHLNAIRGLPGSFIKEVQKG 

GPADLAGIJEDEDVIIEVNGVNVII)EPYEKVVT5MQSSGKNVITLL 
VZGKNSS 


PTPTTl 


HO / OH 1 1 


1 
1 


r 1 vrvjjs.v ii-Vii?i^Ai^JNJLlGlSIGGGAQYCPCl.YIVQVFDNTPAAL 

DG WAAGDEITGVNGRSIKGKTKVEVAKMIQEVKGEVTIHYl^ 
LQ 


PT^T 

L JLO X 


700 /Hj jU 


1 
1 


iM^tjr V wjjtt*. vi^i^xjuilJllliULGlSlTGGKEHGVPILISEIHPGQPAD 

RCGGLHVGDAII^VNGVNIJUJTKHKEAVTILSQQRGEIEFEVVY 
VAPEVDSD 


nrlT 
prxLriQ 


1 A^RAOO 
IH/oHyZ 


1 
1 


mv iiiJiJ&JlEUAUJLGJbSLAGGADLENKVITVHRVFPNGLASQEG 

nQKGNEVI^mGKSOCGITBHDAljVILRQAREPRQA\aVTRKLT 
PEEFIVTD 


prlLie 


1478492 


2 


TAEAWCTVTLEKMSAGLGFSLEGGKGSLHGDKPLTINRIFKGA 
AhtgbE rVQPGDEILQLGGTAMQGLTElFEAWMIKAIJ>]X}PVTIV 
IRRKSLOSK 


PSAP 


6409315 




IREAKYSGVLSSIGKIFKEEGLLGFFVGLIPHLLGDWFLWGCNL 
LAtU- IN AYLVDDS VSDTPGGLGNDQNPGSQFSQALAIRSYTKFV 
MGIAVSMLTYPFLLVGDLMAVNNCGLQAGLPPYSPVFKSWIHC 
WKYLSVOGQLFRGSSLLFRRVSSGSCFALE 




J loODZ 


1 
1 


LEYEelTLERGNSGLGFSIAGGi'DNFHIGDDPSIFErKnPGGAAAQ 
DGRmV]^SILFV^VDVREVTHSAAVEAIJ^GSIVRLYVMR 


PSD95 


3318652 


2 


HVMRRKPPAEKVMEEKXIKGPKGLGFSIAGGVGNQHIPGDNSIY 
VTKIIEGGAAHKDGRLQIGDKILAVNSVGLEDVMHEDAVAALK 

IN 1 Y i-> V V Y JLJv V AJKJr oN A YLLEFIVTD 


PSD95 


3318652 


3 


RERHTPRTEANCDHRGSTGLGFNIVGGEDGEGILSPLSWPGALQ 
TSVGSCGRGTRSCRSTVWTSEMPAMSRLPLP 


PTM *X 
IT llNO 


1 7QQ1 O 
1 /77iZ 


1 
1 


QNDNGDSYLVLnUTPDEDGKFGFNLKGGVDQI^^ 

SPADTCIPKLNEGDQIVLINGRDISEHTHDQVVMFB^ 

ELALVIRRRAVRS 


PTN-4 


190747 


1 


IRMKPDENGRFGFNVKGGYBOKMPVTV^T? V APonnp A T^^ 

NEGDQVVLINGRDIAEHTEIDQVVLFIKASCERHSGELMLLVRPN 

A 


PTPLl 


515030 


1 


PERErrLVNUKKDAKYGLGFQHGGEKMGRLDLGIFISSVAPGGP 

ADFHGCLKPGDRLISVNSVSLEGVSHHAAffilLQNAPEDVTLVIS 
QPKEKISKVPSTPVHL 
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Gene Name 


Glor 
Acc# 


PDZ# 


Sequence fused to GST Construct 


PTPT 1 




£0 


ijJJlhtVliLAKlvlDNSLulsvrUtrVNTSVimUGIYVI^ 

SDGRnKGDRVLAWGVSLEGATHKQAVETUUSTTGQVVHLLLE 

KGQSPTSK 


PTPT 1 


^ 1 SMO 




1 nniN 1 rii V JSJLi:«JfUNfi>SUi.(jrJbSl*SREDNLIPEQ^^ 

PAAESGKIDVGDVILKVNGASLKGLSQQEVISALRGTAPEVFLLL 
CRPPPGVLPEIDT 


PTPT 1 

Jr iiri^i 


CI SO'^O 

J l^x/Jvr 




tlL,li V JiL-JJ. 1 J-.IKbEKASLGFrVTKGNQRIGCYVHDVIQDPAKSDG 

RLKPGDRLIKVMDTDVTNMraiT>AVM.UlAASKT^^ 

ELPRJPMLPH 


PTPT 1 

It 11:1^1 


D ijyjjXJ 




ivu^l'JlJLJUl'DrrLTaNKEELGFSLCXKjHDSLYQVV^ 

ffiOmQIXDVIHYWGVSTQGMIIJEEVNRAIJDMSIJSLVIJ^ 
liNDLPV 




^Zj^UUI^ 


1 
1 


Ki'bFrK.VRSxnBVARGRAGYGFIXSGQAPCVLSCVT^ 

GLRAGDQH^Vl^IlSrVKKASHEDVVKIIGKCSGVLHMVIAEGV 
GRFESCSNSS 




lout**/ 


1 
1 


LC^bliKKYRQmPRGKDGFGf'riCCDSPVRVQAVDSGGPAERAGL 

QQIJ)TVLQIJSffiRPVEHWKCVELAHEIRS<a>SEin.LVWRMVPOV 
KPGIHRD 


Rlin.rvAP 
RJlU-vIrvJr 

10 


4 


1 
1 


axjojc 1 V s wru^TK 1 V rJUKJCTSQGFGFTLRHFIVYPPES AIQFSYKD 

EENGNRGGKQRNRLEPMDTIFVKQVKEGGPAFEAGLCTGDRIIK 

VNGESVIGKTYSOVIALIONSDTTLELSVMPKDED 


INJlUpillUIl** 

like 


1 4970J.ftR 


1 
1 


OAJSjNK.WKLVOJt'VJtlLlJiGEGGFGLTLRGDSPVLIAAVIPGSQAAA 

AGLKEGDYIVSVNGQPCRWWiaiAEVVTELKAAGEAGASLOVV 
SLLPSSRLPSI 


Protease 




1 
1 


KCjBKJSJN&isbGISGSQRRYIGVMMLTLSPSILAELQLREPSFPDVQ 

HGVLIHKVILGSPAHRAGLRPGDVILAIGEQMVQNAEDVYEAVR 

TQSOLAVOIRRGRETLTLYVNSS 


iJiJanK Z 




1 


L.iiiijs.1 V VJH^j&JUJJNKUFGFVLRGAKADTPIEEFnTPAFPALQYL 
ESVDEGGVAWQAGLRTGDFLIEVlSnSIENVVKVGHRQVVNMIRO 
GG>raLVUCVVTVTRNLDPDDNSS 


oJlaluw J 




1 
1 


su Y VJUL>1JKV AVJLgKKUJtlKGFGFVLRGAKAETPIEEFTPTPAFPA 

LQYLESVDVEGVAWRAGLRTGDFLffiVNGVNWKVGHKQWA 

LIRQGGNRLVMKWSVTRKPEEDG 


dnroozn 


loOOZoDo 


1 


USJN 1 A IKUKYl YLEAFLEGGAPWGFTIJKIGGLEHGEPLIISKVEEG 

GKADTLSSKLQAGDEVVHINEVTLSSSRKEAVSLVKGSYKTLRL 
WRRDVCTDPGHAD 


ouiujcir xo 
GRASP65 


l^ZoOZOi 


1 
1 


^Gl^GVSAEQPAGGAEGFHLHGVQENSPAQQAGLEPYFDFirriG 
HSRLNKE^roTLKALLKANVEKPVKLEVFNMKTMRVREVEVVP 
SNMWGGQGLLGASVRFCSFRRASE 


OlUliiar 11/ 

GRASP65 


1 A95l^9#xl 




KAbEgvWHVLDVEPSSPAALAGLRPYTDYVVGSDQILQESEDFF 
TLffiSHEGKPLKLMVYNSKSDSCRESGMWHWLWVSTPDPNSAP 
QLPQEATWHPTTFCSTTWCPTT 


oiiniiar to 
Ligand of 
Numb px2 


5 


1 
1 


iv^i'i-bl^l'EOJill 1 IbJLHRSNPYIQLGISIVGGNETPLINIVIQEVYRDG 

VIARDGRLLAGDQILQVNN^yNISNVSHNYARAVLSQPC^mJ^LT 
VLRERRFGNRAH 


Similar to 
Ligand of 
Numbpx2 


BC03675 
5 


2 


SNSPREEIFOVALHKRDSGEOLGTliCT VKRTDPpriVTrrr nr t Tjnrr 

AAQDGRLSSNDRVLABSrGHDLKYGTPELAAQnOASGERVNLTI 
ARPGKPQPG 


Similar to 
Ligand of 
Numb px2 


BC03675 
5 


3 


QCVTCQEKHTTVKKEPHESLGMTVAGGRGSKSGELPIFVTSVPP 

HGCLARDGRIKRGDVLUOT^GIDLTNLSHSEAVAMLKASAASPA 
VALKALEVQIVEEAT 
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Gene Name 


Glor 
A.cc# 


PDZ# 


Sequence fused to GST Construct 


Similar to 
Ligand of 
Numb px2 


BC03675 
5 


4 


1 0 i i^ixov^xxL/i vusjxjo I i-vja WCjrolVUvjYfiENHTNQPFFIKTIVLG 
^;J;^^^^CGDMIVAVNGLSWGMSHSALWMLKEQRNKV 


Smiilar to 
FTP 

Homolog 


21595065 


1 


SVTDGPlf PT7WT TrVMAXTOT r«uoT?\ jrMkircjTTT'CK-iciTTr t^^-^^ , 

uv i-i^vjjrjNj7iivjsajsjsjNAJN<jrj^ijJt';iJ? vt^MJbKJiSCSHIJCSDLVR^ 

FPGQPAEENGAIAAGDELAVNGRSTEGLIFQEVLH 

LLRGAPQEVTLLLCRPPPGA 


SIPl 


2047327 


1 


OPT^PT JR P^Tf^ 

v^jTJijr j^jviTx^a^^jvuvj^ojiVi^YLrJt'HLHCjEKGRRGQFIRR^ 

dqeideS^Ss^^^^^^^ 


SIPl 


2047327 


2 


r i.jviitjvr j\i.»^rujus.vjjf Y G1<NLHSDKSRPGQY]RS VDPGSPAA 

RSGLRAQDRLIEVNGQNVEGIJaiAEWASIKAREDEARLLVVD 
PETDEHFBCRNSS ^>*^i^v vij 


SITAC-18 


8886071 




rvj V JSJiini-ri^jsxiJiKijK. 1 CjIJRIJIKVDQGLFVQLVQANTPASLVGL 

RFGDQLLQroGRDCAGWSSHKAHQVVKKASGDKIV^^ 
FQRTVTM 


SITAC-18 


8886071 


2 


rrv^j^i V llVlilJUJbM(jHVGF\aKKGK^ 
WCEVDGQNVIGIJmKKIMEIL^ 


SNPCHA 


20809633 


1 


QGLQEGDRILAVNNDVVEHEDYAVVVRRIRASSPRV^^ 
BLAHDVARAO 


SNPCnA 


20809633 


3. 


PAKKAGMQAGDRLVAVAGESVEGLGHEETVSRIQGQGSCVSLT 
WDPEADR 


SNPCHA 


20809633 


4 


iro V r ■i^'JoKl^L-rl^ YFCiPGGS YGFRLSCVASGPRLFISQVTPGGSA 

ARAGLQVGDVILEVNGYPVGGQNDLERLQQLPEAEPPLCLKLA 

^^^^ ST <P (tT 


Shankl 


7025450 


1 


LKEKTVLLQKKDSEGFGFVLRGAKAQTPffiEFTPTPAFPALOYLE 
0 V ivxivj»jr V A w itA»jj^KMUlJ±*LJEVNGQNVVK^GHROVVNMIRO 
GGNTLMVKVVMVTKEIPDMDEAVONSS 


SYNTENIN 


2795862 




LEKQGIREVILCKDQDGKIGLRLKSIDNGIFVQLVQANSPASLV 

GLPPODOVT OTlSirrPXTf^ A /^AX^QOTMi'' A TXCrXTT TT-y-v a t-ij-it^„ . 

VJl^J^J-^Jrl^V^ V J^VHNVjJiiNl^AUWISbDKAH 


SYNTENIN 


2795862 


2 


LRDRPFERlllMHKDSTGHVGFIFKNGKrrSIV^ 
iiHJNii-^iiijNijV^lN VlOLKJJSOIADILSTSGTWTITlVff 


Syntrophin 1 
alpha 


1145727 




QRRRVTVRKADAGGLGISIKGGRENKMPILISKIFKGIJ^^ 

AUrVGDAILSVNGEDI^SATHDEAVQVUOKTGKEVVLEVKYMK 
^X^SPYFKl 


Syntrophin 
beta 2 


476700 




PVRRVVKQEAGGLGISIKGGRENRMPILISKIFPGLAADQSRALR 
LGDAILSVNGTDLROATHDOAVOALKRAGKEVLLEVKFIRE 


S3^trophin 
gamma 1 


9507162 




err x&vjUKi v ilKKl^TVGGFGLSIKGGAEHNIPVVVSKISKBORA 

ELSGLLFIGDAILQINGim^CRHEEWQVLRNAGEEVTLTVSF 
LKRAPAFLKLP 


SvntroDhin 
ganima2 


9507164 




:>j:iv^^jri:av^KKi V li-KKQPVGGLGLSIKGGSEHNVPVVISKIFEDOA 
^QTGMLFVGDAVLQVNGIHVENATHEEVVHLLRNAGDEWrr 


rAX2-like 
protein 


3253116 


1 1 


FLGETKIEVEVTKTEDALGLTITDNGAGYAFIKRIKEGSIINRIEAVC 
V^GDSffiAB^HSIVGCiaryEVAKMUiELPKSOPFrLRLVOPKRA 


nAMl ' 


^507500 


I 


asmiEKSDTAADTYGFSLSSVEEDGIRRLYVNSVKETGLASKKG 
LKAGDEILEINISIRAADALNSSMLKDFLSQPSLGLLVRTYPELE 


nAM2 ( 


>912703 


I 


-UMVYDVQLTKTGSVCDFGFAVTAQVDERQHLSRIFISDVLPDG 
-AYGEGLRKGNBIMTLNGEAVSDLDLKQMEALFSEKSVGLTLIA 
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Gene Name 


Glor 

rVCC?F 


"PDZ# 


Sequence fiised to GST Construct ~~ ^ ■ 








"rppdtkatl " ^ ■ 


TIPl 


2613001 




QRVEIHKLRQGENLILGFSIGGGIDQDPSQNPFSEDKTDKGIYVT 




2613003 




RKEVEVFKSEDALGLTTTDNGAGYAFIKRIKEGSVIDHIHLISVGD 
MIEAINGOSLLGCRHYEVARLLKELPRGRTFTr.lirT.TF.PWR' 


nP33 


2613007 




ti^-riu 1^ V V i^i^i ivi JJliijLijrl^M vMoijKbC^iNSPIYISRlIPGGVAERHG 

GLKRGDQLLSVNGVSVEGEHHEKAVELLKAAKDSVKLWRYT 
PKVL 


TIP43 


2613011 




Loisii^l^Ji^jVKVLKt^ELGuLUlSlKGGKENKMPILISKIFKGLAADO 

TQALYVGDAn^VNGADLRDATHDEAVQALKRAGKEVLLEVK 
YMREATPYVKNSS ^^yis. 


Unknown 
PDZ gene 






i^Ki>6Uv 1 V liL,lK.<jMH^£> V CjL 1 LRLVQSTDGYAGHVUETV APNSP 
^^^^^DRLIAIGGVKn-STLQVIXLIKQAGDRVLVYYERP 


X-llbeta 


3005559 




IT4T7C^^^^7^^^T^ ■ • 


X-llbeta 


3005559 


2 


u^i" V 1 1 Vl.ilvKl'L>LKVyi.(j±<SVQNGIICSLMRGGIAERGGVRVGH 

^mCQSWATAHEKIVQALSNSVGEIHMKTMPAAMFRLLTG 
QENSS 


ZO-1 


292937 




iwui^iii V 11-UKAPGFGFGIAISGGRDNPm'QSGETSIVISDVLKG 
^^^QE^RJAMVNGVSMDNVEHAFAVQQLRKSQKNAK] 


ZO-1 


292937 


2 


i&b^i'AKJ' 1 KVTLVKSRKiNi iin y UjLKLASHIFVKEISQDSLAARDG 
MQEGDVVLBaNGTVTENMSLTDAKTLIERSKGKUaVIVVQRDR 


ZO-1 


292937 




tKMJSXViavRKGDSVGLRLAGGNDVGIFVAGVLEDSPAAKEGLE 
EGDQII^VNNVDFITOTREEAVm^ 


ZO-2 


12734763 


• 


LIWEQYTVTLQKDSKRGFGIAVSGGRDNPHFENGETSIVISDVLP 
3GPADGLLQENDRVVMVNGTPMEDVLHSFAVQQLRKSGKVAA 


ZO-2 


12734763 


2 


^iiii^l^^^^^^^^^Q^^f'^MTOTGLATKDGNIJffi 
LKINGTVTENMSLTDARKLIEKSRGKLOLWLRDS 


ZO-2 


12734763 




r^f^i:^ ^*^^^^^°^^AQG>JDVGIFVAGIQEGTSAEOEG 
.^GDQnXVNTQDFRGLVREDAVLYIXEffKGEMVmAQSRA 


ZO-3 


10092690 




Li uiN i 1 1 w iii^H 1 A 1 LbKDPRkGjf GIAISGGRDRPGGSMWSDWP 
J^^J^^Q^mvWNGVSMENATSAFAIQIIXTCTBa^ 


ZO-3 1 


10092690 : 


J 


V K^iviKT vi(«.b Vi.vJ\J<JiL>bEEFljVJSXGSQJDFIKHITDSGLAARHR 
^^g^LmqiNGVSSQl^SLNDTRia-IEKSEGKLSLLVUlDRGQ 


ZO-3 


10092690 2 


; 


IGYSPDTRWRFLKGKSIGLRLAGGNDVGIFVSGVQAGSPADG 



• «r^, — — . " wuiaiumg protein - it was computer cloned bv J S 

using rat ShankB seq against human genomic clone AC000036. In siUco snliced together 
nt6400-6496. 6985-7109. 721 1-7400 to create hypothetical human sSiS ^ ^ 
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Vectors: All PDZ domam-contaiiiing genes were cloned into the 
vector pGEX-3X (Amersham Pharmacia ^^27-4803-01, Genemed Acc#U13852, GK595717), 
containing a tac promoter, GST, Factor Xa, p-lactamase, and lac repressor. 

The amino acid sequence of the pGEX-3X coding region including GST, Factor Xa, 
5 and the multiple cloning site is listed below. Note that linker sequences between the cloned 
inserts and GST-Factor Xa vary depending on the restriction endonuclease used for cloning. 
Amino acids in the translated region below that may change depending on the insertion used 
are indicated in small caps, and are included as changed in the construct sequence listed 
below. 

10 aal-aa232: 

MSPILGYWKIKGLVQFniLLLEYLEEKYEEHLYERDEGDKWRNKKFELGI^FPl^ 
YIDGDVKLTQSMAIIRYIADKHNMLGGCPKERAEISMI^GAVIJDIRYGVSRIAYS^ 
ETIXVDFI^KIJ>EMIJaVIFEDRIx:HKTYIJSrGDH\rnn>DFN^ 

DAFPKLVCFKKRIEAIPQroKYLECSSKYIAWPLQGWQATFGGGDHPPKSDLIEGRgipg 
IS nss 

Constructs: The preparation of the construct for RIM2 (KIAA0751) is exemplified 
as flows. Constructs of the PDZ domains in Table 3 were prepared by similar methods. 
Primers used to generate RIM2 DNA fi-agments by PCR are Usted in Table 4. PCR primer 
combinations and restriction sites for insert and vector are listed below, along with amino 
20 acid translation for insert and restriction sites. Non-native amino acid sequences are shown in 
lower case. 



TABLE 4 

Primers used in cloning of RIM2 PDZ domain 1. 



ID# (Primer 
Name) 


Primer Sequence 


Description 


Seq 
ID 


1968 

(688BaFlo) 


AAAGATCTCCCTTA 
ACGAGGAGCATAG 


Forward (5* to 3') primer corresponding to 
RIM2, domain 1. Generates a Bgin site 
upstream (5') of the PDZ boundary. Used for 
cloning into pGEX-3X. 


273 


1093 (319 
KIR) 


GAACAATTGCAATA 
GGCCTTGAAACTAC 


Reverse (3' to 5*) primer corresponding to 
RIME, domain 1. Generates a Mfel site 


274 
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ID# (Primer 
Name) 


Primer Sequence 


Description 


Seq 
ID 






downstream (3') of the PDZ boimdary. Used 
for cloning into pGEX-3X. 





RIM2, PDZ domain 1: GI#: 12734165; Construct: RIM2, PDZ domain l-pGEX-3X; 
primers: 1968 & 1093; Vector Cloning Sites (573'): Bam Hl/EcoRl; Insert Cloning 
Sites(5V3'): BglD/Mfel 
5 aa 1- aa 126 

TIJSlEEHSHSDKHPVWQPSKI)GDRLIGRILUSIKRIJa5GS 

]Vri^GRIX:AFriKVKKGSI^TVGHIJa>GDBVLBWNGRLLQGATra 
EPQVBLWSKPIG 

GST Fusion Protein Production and Purification: The constructs using pGEX-3X 
10 expression vector were used to make fusion proteins according to the protocol outlined in the 
GST Fusion System, Second Edition, Revision 2, Pharmacia Biotech. Method 11 and 
optimized for a IL LgPP. 

Purified DNA was transformed into E.coli and allowed to grow to an ODeoo of 0.4-0.8 
(600A,). Protein expression was induced for 1-2 hours by addition of IPTG to cell culture. 
15 Cells were harvested and lysed, Lysate was collected and GS4B beads (Pharmacia Cati^ 17- 
0756-01) were added to bind GST fusion proteins. Beads were isolated and GST fusion 
proteins were eluted with GEB n. Purified protems were stored in GEB n at -80°C. 

Purified proteins were used for ELIS A-based assays and antibody production. 

Example 7: Identification of PDZ Domains Bound by tiie C-terminus of MUCl 
20 Summary: To determine the human PDZ domains bound by the C-terminus of 

MUCl, peptides corresponding to the PL (20 amino acids of the C-terminus (SEQ ID NO: 
96) or 9 amino acids of the C-terminus coupled to 11 amino acids of the TAT transporter 
(SEQ ID NO: 102) were synthesized and purified to >95% by HPLC. These peptides were 
assessed for bmding to mdividual GST-PDZ domain fusion proteins using the modified 
25 EUSA describe below. Interactions giving higher absorbance values in the assay were 
titrated to determine relative EC50 values. 

Reagents and Supplies: 
Nunc MaxiSorp 96 well hmnuno-plate. Nunc; 
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PBS pH 7.4 (phosphate buffered saline, 8g NaCl, 0.29g KCl, 1.44g Na2HP04, 0.24g KH2PO4, 
add H2O to IL and pH 7.4; 0.2 \i filter) Assay Buffer: 2% BSA in PBS (20g of bovine serum 
albumin per liter PBS, firaction V, ICN Biomedicals, cat#ICl 5 142983 

Goat anti-GST polyclonal Ab, stock 5 mg/ml, stored at 4*'C, Amersham Pharmacia cat#27- 
5 4577-01; 

Dilute 1 : 1000 in PBS, final concentration 5 ]i g/ml.; 

HRP-Streptavidin, 2.5mg/2ml stock stored at 4*'C, Zymed cat#43-4323, dilute 1:2000 into 
Assay buffer, final [0.5 n g/ml] 
Wash Buffer, PBS; 

10 Biotinylated peptides (HPLC purified, stock solution store in -20°C freezer #7 ) 

GST-PRISM proteins (stock stored at -80°C, after first thaw store in -10°C freezer #7) 
TMB (3,3',5,5', teramethylbensidine), tablets, Sigma cat.#T5525; 

Per plate, dissolve 1 tablet in ImL DMSO, add 9mL Citrate/Phosphate buffer pH 5.4 and 2[iL 
H2O2; 

15 0.18M H2SO4, Sigma cat.#S1526; 

1 2-w multichannel pipettor & tips; 

50 ml reagent reservoirs, Costai#4870; 

50, 15 ml polypropylene conical tubes; 

Costar Transtar 96 Costai#7605; 
20 Transtar 96 Cartridge Costai#7610; 

Cluster tubes; 

Molecular Devices microplate reader (450 and 650 nm filters); 
SoftMax Pro software; 

When using reagents stored at or 4''C or -20°C, remove and keep on ice 
25 Protocol: 

Coat plate with 1 00 m1 of 5 ji g/ml anti-GST, O/N at 4°C; 

Dump contents of plate & out tap dry on paper towels; 

Block with 200 14,1 Assay Buffer for 2 hrs at room temperature; 

Prepare proteins in Assay Buffer; 
30 Wash 3X with cold PBS*; 

Add proteins at 50 |xl per well, incubate 1 to 2 hrs at 4'*C; 

Prepare peptides in Assay Buffer; 

Wash 3X with cold PBS*; 
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Add peptides at 50 pi per well on ice (write time on plate); 
Incubate on ice after last peptide has been added for exactly 10 minutes; 
Place at room temp for exactly 20 minutes; 
Prepare HRP-Streptavidin within 10 minutes of time of use; 
5 Promptly wash 3X witii cold PBS; 

Add 100 pi per well of HRP-Streptavidin (write time on plate); 
Incubate at 4^C for exactly 20 minutes; 
Turn on plate reader and prepare files; 
Promptly wash 5X with PBS at room temperature; 
10 Add 100 pl/well TMB substrate (write time on plate); 

Incubate in dark at room temp for a ma^mum of 30 minutes; 
Read plate at 25 minutes (650 nm); 

Stop reaction with 100 pi of 0.18M H2SO4, 30 min. after adding TMB; 

Take last reading at 450 nm soon after stopping reaction; 
15 * do not let plates dry out 

ProfOe Results: Peptides corresponding to the C-teiminus were able to bind a number 

of PDZ domains in a concentration dependent manner. FIG. 3 shows the results of MUCl 

binding to individual PDZ domains. at a MUCl peptide concentration of 0.01 pm, and seven 

interactions are observed to give higher absorbance readings in the assay. When the 
20 concentration of MUCl peptide is increased to 0.1 pm, more interactions are observed (FIG. 

4). Identities of the interacting PDZ domains are listed directly above or next to the bar 

representing the absorbance in the assay. 

Titrations to determine relative EC50 values: Peptide corresponding to MUCl was 

then titrated against a constant amount of the PDZ domain-containing recombinant proteins 
25 identified in the first part of this example. From these, relative EC50 values are listed in Table 

4 iadicating the concentration of MUCl peptide for 50 percent binding to the indicated PDZ 

domain 



Table 4 



PDZ 


ECSOjjM 


Lim Mystique 


0.010 


SIPl dl 


0.011 


AIPCl 


0.014 
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PDZ 


ECSOpM 


KIAA0751 


0.016 


ZO-1 d2 


0.019 


SITAC 18 


0.026 


NSP 


0.027 


MASTd2 


0.039 


Pril-16 dl 


0.041 


KIAA1526 dl 


0.051 


GRIP2d5 


0.060 



The C-teaminus of MUCl clearly functions as a PDZ ligand and several PDZ domains 
can bind to the MUCl C-teiminus, and modulation of these interactions provide a point of 
therapeutic intervention. 

5 Examples: Expression of PDZ Domains in Human Cancer Cells 

Expr^sion of PDZ domains in breast cancer cell lines was examined using 
quantitative PGR to confirm that PDZ domains shown to interact with the C-terminus of 
MUCl are present in canc^ cell lines. 

Methods: cDNA was prepared firom 4 cell lines using standard methods: human 

10 breast cancer MCF-7 cells; human breast cancer ZR-75 cells; human colon cancer HCTl 16 
cells tiansfected with MUCl; human colon cancer HCTl 16 cells transfected with vector as a 
control. HCTl 16 cells do not express MUCl endogenously. MUCl transfection of HCTl 16 
cells is described in U.S. Patent Application Publication 2004/0018181 Al, incorporated 
herein by reference. Amplicon primer pairs were designed using software provided with our 

15 ABI7000 Real Time PCR machine. Reactions performed in duplicate, and were repeated 
independently. 

Cells were grown under respective growth conditions to 80% confluency. Total RNA 
was isolated using TRIZOL and standard protocols. cDNA was generated by using 
Siq)erscript Reverse Transcriptase and random primers (Invitrogen). Real time PCR was 
20 performed on the cDNAs utilizing the SYBR GREEN method (ABI) and quantified in an 
ABI PRISM 7000 Sequence detection system. Relative expression is based on copy numbers 
for an EGFR Plasmid/Amplicon primer pair which was used for a standard ciorve (firom 1 
million to 320 copies) which was included in each individual plate. Values >200 were 
considared significant over background. Also included in each plate was a beta-Actin control 
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for each of the four cell types. Minus RT controls were also included and each individual 
plate contained a non-template control using beta-Actin priraers. AmpUcon primers were 
designed using the ABI Primer Design software aud corresponded to sequences within the 
respective hit-PDZ except for MINT-3 where a sequence outside the PDZ domain was used. 
5 Reactions were done in duplicates and for all genes which showed no expression, a second 
independent primer pair within the PDZ sequence (except for MINT-3) was designed and 
checked against the cDNAs. In addition, each negative primer pair was checked against the 
respective PDZ Plasmid to confirm whether the primer pair is functional. For all primer pairs 
except for the GRIP-2 primers functionality was confirmed with the Plasmids. Table 5 shows 
1 0 the primers used to determine PDZ gene expression in ZR-75, MCF7 and HCTl 16 +/- MUCl 
traasgene expression cell lines. 



Table 5 

Oligonucleotide primers used for RT-PCR 
AVC " 



No Oligo Name 


Sequence 


Description 


3303 Zo-3 dom3 FA 


gcatccaggagggagatcag 


forward amplicon primer 


3302 Zo-3 dom3 RA 


aggttctggaatggcacgtc 


reverse amplicon primer 


3301 Zo-3 dom3 FB 


gggcatccaggagggagat 


forward amplicon primer 


3300 Zo-3 dom3 RB 


caggttctggaatggcacg 


reverse amplicon primer 


3299 Zo-3 doml FA 


caggcgaccacatcgtcat 


forward amplicon primer 


3298 Zo-3 doml RA 


gaggtggcattctccatgga 


reverse amplicon primer 


3297 Zo-3 doml FB 


tccatggagaatgccacctc 


forward amplicon primer 


3296 Zo-3 doml RB 


ccatcttggtgcaggtcttga 


reverse amplicon primer 


3295 Zo-2 doml FA 


agtggtcatggtcaatggca 


forward amplicon primer 


3294 Zo-2 doml RA 


gcaaacgaatgaagcacatcc 


reverse amplicon primer 


3293 Zo-2 doml FB 


ctgatgggctgctccaaga 


forward amplicon primer 


3292 Zo-2 doml RB 


gggtgccattgaccatgac 


reverse amplicon primer 


3291 Zo-2 dom2 FA 


agtatggtctccggcttggg 


forward amplicon primer 


3290 Zo-2 dom2 RA 


ttcgggtcatttcctttacga 


reverse amplicon primer 


3289 Zo-2 dom2 FB 


gatgaaaagcagagcgaacga 


forward amplicon primer 


3288 Zo-2 dom 2 RB 


cgaagatctgactcccaagcc 


reverse amplicon primer 


3252 KIA0340 DOM 1 2ND R 


caccaagtcgtcctaagtcagtcat 


reverse amplicon primer 


3251 KIA0340 DOM 1 2ND F 


tgggtctgaaagttgttggagg 


forward amplicon primer 


3250 GRIP2 DOM 5 2ND R 


cagttgtccaggcggatattg 


reverse amplicon primer 
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AVC 

No Oligo Name 



Sequence 



Description 



3249 GRIP2 DOM 5 2ND F ggagccaggcgacaagc 

LIM MYST DOM 1 2ND 
3248 R cgttgatggccacgattatgt 

LIM MYST DOM 1 2ND 
3247 F aaagccaaggacgctgacct 
3246 KIA03 16 DOM 1 2ND R aggagtatcgattctttgcagctt 
3245 KIA0316 DOM 1 2ND F cagagagcgggtcatcgatc 
3244 MAGE DOM5 2ND R tcctaccctcatcctcccatt 
3243 MAGE DOM5 2ND F agactggcagaagatggacca 
3242 MASTl DOM 1 2ND R tccgtgtcacccatgtagacac 
3241 MASTl DOM 1 2ND F gaagtatggcttcacactgcgt 
3240 MINT3 COMPL 2ND R catgcctggactccaggct 
3239 MINT3 COMPL 2ND F cgatttgggaactgcctgaa 
3238 MUPPl DOM 3 2ND R caatgtagccagcaatggtaattc 
3237 MUPPl DOM 3 2ND F gaactcactaaaaatgtccaaggattag 

NOVEL PDZ DOM 1 
3236 2ND R ccatggtggtgctctccag 

NOVEL PDZ DOM 1 
3235 2ND F gggacaagatcacggaggtg 
3234 NSP DOM 1 2ND R cgctcctgagatcacgtctg 
3233 NSP DOM 1 2ND F aaagagctgaaggaccggc 
3232 HERl 2ND R tggccatcacgtaggcttc 
3231 HERl 2ND F agcaacatctccgaaagcca 

SYNTROPHINY DOM 1 
3230 R tcagctgcttggtcttcgaat 

SYNTROPHINY DOM 1 



3229 F 

3228 PRIL16 DOM IR 
3227 PRIL16DOM1F 
3226 KIA 1719 DOM 5 R 
3225 KIA 1719 DOM 5 F 
3224 KIA1526 DOM 1 R 
3223 KIA1526 DOM 1 F 
3222 FGFR3 mC B NEW R 



gcacaacgtccctgtcgtc 

cgtggtccccttgagagactt 

aagggcaatgaggttctttcc 

gcagttgtccaggcggata 

gagccaggcgacaagctact 

cccgcagtccttccttctc 

acgtgtctctggtggaaccag 

gcacgtccagcgtgtacgt 



forward amplicon primer 

reverse a]iq>licon primer 

forward an^licon primer 
reverse aitq>licon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 

reverse amplicon primer 

forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 

reverse amplicon primer 

forward amplicon pimer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon pimer 
reverse amplicon primer 
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AVC 






No Oligo Name 


Sequence 


Description 


3221 FGFRSmCBNEWF 


tgcgtcgtggagaacaagttt 


tbrward amplicon primer 


3220 FGFR3 mC ANEWR 


acgtccagcgtgtacgtctg 


reverse amplicon primer 


3219 FGFR3 lEC ANEWF 


cgtcgtggagaacaagtttgg 


forward amplicon primer 


3218 HER2B NEW R 


ccacttgatgggcaccttg 


reverse anq>licon primer 


3217 HER2B NEW F 


ctgctggacattgacgagaca 


forward amplicon primer 


3216 HER2 ANEWR 


ctgtgtacgagccgcacatc 


reverse aniplicon primer 


3215 HER2 ANEWF 


ctggtgtatgcagattgccaa 


forward azr^licon primer 


3214 VARTUL COMPLETE 


R cagatcgttgcctcccagat 


reverse amplicon primer 


3213 VARTUL COMPLETE F cgtccctgtcatttctggtca 


forward amplicon primer 


3212 SITACIS DOM 1 R 


tgccttcttcaccacctgatg 


reverse amplicon primer 


3211 SITACIS DOM IF 


gactgtgctgggtggagctc 


forward an:q>licon primer 


3210DLG 1DOM2R 


cccaggaatatgctgatttcca 


reverse amplicon primer 


3209DLG 1DOM2F 


ggtcttgggtttagcattgctg 


forward anqslicon primer 


3208 DLG 1 DOMl R 


tctccaatgtgtgggttgtcc 


reverse amplicon primer 


3207 DLG 1 DOM 1 F 


tcagggcttggtttcagcat 


forward anxplicon primer 


3206 Ubiquitin R Chamorro 


caattgggaatgcaacaactttat 


reverse amplicon primer 


3205 Ubiqxiitin F Chamorro 


cacttggtcctgcgcttga 


forward aniplicon primer 


3204 Ubiquitin F 


aatcatttgggtcaatatgtaattttca 


forward amplicon primer 


3203 Ubiquitin R 


gcggacaatttactagtctaacactga 


reverse an^licon primer 


3202 18SRNAR 


gggtcgggagtgggtaattt 


reverse amplicon primer 


3201 18SRNAF 


ctaccacatccaaggaaggca 


forward amplicon prima: 


3200 PTPLl dom4R 


cttttggctggatcctgtatgac 


reverse an:plicon prim^ 


3199 PTPLl dom4F 


tcagagaattggttgttatgttcatg 


forward amplicon primer 


3198 Muppl dome R 


tccggccatctcgactaatg 


reverse amplicon primer 


3197Muppl dom6F 


gggatgatcgttcgaagcat 


forward amplicon primer 


3196 Mast 3 com 1 R 


agacgtcgctatcacccatgt 


reverse amplicon primer 


3195 Mast3domlF 


tggcaagaagtacggcttca 


forward amplicon primer 


3194 Kia340domlR 


aacaactttcagacccagcaatg 


reverse aniplicon primer 


3193 Kia340 dom 1 F 


agaacaaccatgcccaaagact 


forward amplicon primer 


3192INADL dom3R 


cctgccctgcatttcgtaa 


reverse amplicon primer 


3191 INADLdom3F 


cagggttttgccaaccatg 


forward amplicon primer 


3190 PAR 3 dom 3 R 


gcccaacagggattctccat 


reverse amplicon primer 


3189 PAR3 domSF 


ggcttcgggtgaatgatcaa 


forward amplicon primer 


3188 Pick 1 dom IR 


cttcgccacctccaccttag 


reverse amplicon primer 
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AVC 

No Oligo Name 



Sequence 



Description 



3187 Pickl domlF 
3186RGS3domlR 
3185RGS3domlF 
3184 SipldomlR 
3183 SipldomlF 
3182 SIPldom2R 
3181 SIPldom2F 
3180 Tip IR 
3179 Tip IF 
3178 AIPCdomlF 
3 177 Mint 3 500 bp R 
3176Mint3 SOObpF . 
3175 Mint 1 doni2R 
3174Mint 1 dom2F 
3173 Mint IdomlR 
3172 Mint 1 doml F 
3171 PTN3R 
3170 PTN3F 
3169HTRA2R 
3168HTRA2F 
3167 AIPCdomlR 
3166 Mast2dom 1 F 
3J65 Muppl dom 3 R 
3164Muppl dom3 F 
3 163 Novel PDZ dom 1 R 
3162 Novel PDZ dom 1 F 
3161 MAGI 2 dom 5 F 
3160 Mast 1 dom 1 R 
3159 Mast 1 dom 1 F 
3158 Mast 2 dom IR 
3157 NSP domlR 
3156 NSP dom IF 
3155 Elfin IdomlR 
3154 Elfin 1 dom 1 F 



ggtgtcaatggcaggtcaatc 

gaatccacggcctggactc 

tggcttcaccatctgctgc 

cagccttgatcctttgcacc 

gtcaacgtggagggcgag 

gccgggacttgtcactatgc 

gaaagggacctcagggctatg 

ccaatgctgaaacccaggat 

aattcacaagctgcgtcaagg 

gggccttggctttagtattgc 

cagctggcatcgtcttgatatg 

agctgctcaccgaggcctat 

cgcatgaggctgcagataatt 

ctaccagctcggtttcagcg 

tctggcaggtggacagagg 

cggtgaccagatcatgtccat 

acgatttgatccccttcgttc 

agtcacctgcggacacctg 

gggaaagcttggttctcgaag 

ctgagtcccagcatccttgc 

ccccatctgtccacgaatg 

acttcttgccagcccttgg 

ttggtctccaatttggattcttc 

acaaaaagcagtgccgttga 

cagcacctttacggcgctac 

aatgggctgagcctggaga 

tgtggacatggagaaaggagc 

tgccagacaatgtggtggac 

tgtctacatgggtgacacgga 

gctcggtggatgatgatgg 

tcctgagatcacgtctgggaa 

aagccaaagagctgaaggacc 

ccttgcttccaggagtgacc 

aaaggacttcgagcagcctct 



forward amplicon primer 
reverse an^licon primer 
forward anq>licon primer 
reverse amplicon primer 
forward anq)licon primer 
reverse anq)licon primer 
forward amplicon primer 
reverse aitq)licon primer 
forward amplicon primer 
forward amplicon inimer 
reverse amplicon primer 
forward amplicon primer 
reverse anq^licon primer 
forward amplicon primer 
reverse anq>licon primer 
forward amplicon primer 
reverse amplicon primer 
forward an^licon laimer 
reverse annrplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward anqplicon primer 
forward an:q)licon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
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AVC 

No Oligo Name 



Sequence 



Description 



3153 EBP50 dom2R 
3152EBP50 dom2F 
3151Z0 1dom2R 
3150ZO1 dom2F 
3149EBP50domlR 
3148EBP50domlF 
3147 APXLdomlR 
3146 APXLldomlF 
3145 Grip2dom5R 
3144Grip2dom5F 
3143KIA0382 dom 1 R 
3142 KIA0382 dom 1 F 
3141 Erbin dom 1 R 
3140Erbin dom 1 F 
3139KIA0316domlR 
3138KIA0316doml F 
3137 KIA0751(RIM2) doml R 
3136 KIA0751(RIM2) dom 1 F 
3135 Lim Mystique dom IR 
3134 Lim Mystique dom IF 
3133 Lim Protein doml R 
3132 Lim Protein doml F 
3131 MAGI 2 dom 5 R 

3116 AIPC As (reverse) 

3115 AIPC S (forward) 



tccactgaccggatgaactg 
caacctgcacagcgacaagt 
gcttgccaatcgaagaccat 
acactggtgaaatcccggaa 
tgtactggcccaacttgcc 
agaagggtccgaacggctac 
cgcttcctgtctaaaccctga 
tgagatcgtcggcatcaatg 
gcagttgtccaggcggata 
gagccaggcgacaagctact 
atggctgctccatcttctttg 
cggtcagtggagacaatcca 
acaccacctgatatgctaaatcca 
agtgagggttgaaaaggatcca 
tgaccagatcgatgacccg 
aatgatgaaccggtcagcg 
aaagccgacctgattcagtca 
caatgcttggcttgaaggttg 
ccgttgatggccacgattat 
agccaaggacgctgacctc 
. ccttgccgccatcttttaga 
cggtaaggatttcaacatgcc 
cctccacgaatgctgaatcc 

gctgatccatttgggaagatg 

gcattcgtggacagatggg 



3 1 14 HER 1 As (reverse) cagggattccgtcatatggct 



3113 HER IS (forward) 



ccgtttgggagttgatgacc 



3112 HER 2 As (reverse) ccacttgatgggcaccttg 
3111 HER 2 S (forward) tgctggacattgacgagacag 



reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward anq>licon primer 
reverse amplicon primer 
forward amplicon primer 
reverse anq)licon primer 
forward Bmplicoa primer 
reverse amplicon primer 
forward anq>licon primer 
reverse amplicon primer 
forward amplicon primer 
reverse an:q}licon primer 
forward amplicon primer 
reverse amplicon primer 
forward amplicon primer 
reverse amplicon primer 
forward anq}licon primer 
reverse anq>licon primer 
Amplicon primer for real-time 
PGR 

Amplicon primer for real-time 
PGR 

Amplicon primer for real-time 
PGR 

Amplicon primer for real-time 
PGR 

Amplicon primer for real-time 
PGR 

Amplicon primer for real-time 
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AVC 

No Oligo Name 



Sequence 



Description 



3110 FGFR3C AS (reverse) cacgtccagcgtgtacgtct 



3 109 FGFR3C S (forward) ctgcgtcgtggagaacaagtt 



3108 b-Catenin AS (reverse) gctgggtatcctgatgtgca 



3 1 07 b-Catenin S (Forward) gggtgccattccacgactag 



3106 MUC-1 AS (reverse) tgtccagctgcccgtagttc 



3105 MUC-1 S (forward) 

3414 RIM2 P7R 

3413RIM2P7F 

3412RIM2P6R 

3411RIM2P6F 

3410RIM2P5R 

3409 RIM2 P5F 

3408RIM2P4R 

3407RIM2P4F 

3406 RIVE P3R 

3405 RIM2 P3F 

3404 RIVE P2R 

3403 RIVE P2F 

3402RIM2P1R 

3393 RIVE PIF 



ttgccttggctgtetgtcag 

tgtggttcaggtttggattctagaa 

cacatttgaggaagtgtacaacatcat 

tggctccttgcagtagtcttcc 

gaccaggtgatgaagtattagaatgg 

ccaccaaagtacatcatttcctttt 

gtcggactctaacaccaggtctg 

tggccaccaaagtacatcatttc 

ctctaacaccaggtctgagagacaaa 

ttggttccatttgggttcca 

ttccagacagaagtgataaaaacaagag 

tgcattgttcagtgtttgtcca 

ccaccaaatatcttacaaaatgagctt 

tccagatcagcatttgccaa 

acggcatgagagaaggcatag 



PGR 

Anq)Iicoii primer for real-time 
PGR 

An^licon primer for real-time 
PGR 

Amplicon primo: for real-time 
PGR 

An^licon primer for real-time 
PGR 

An^Iicon primer for real-time 
PGR 

Amplicon primer for real-time 
PGR 



Results: Table 6 shows the RNA expression in four cell lines as described utilizing 
the primers listed in Table 5. The results indicate that several of the target PDZ mRNAs are 
expressed in the selected cancer cell lines and are potential targets for therapeutic 
5 intervention. In the case of RIM2, alternatively spliced genes were observed; however, the 
primer sets indicate that the PDZ domain is ex5)ressed in these cell lines. 
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In Table 6, is indicative of expression, and is indicative of low or no 
expression. * - denotes that different primer pairs were used, corresponding to the pairs listed 
at the bottom of Table 5. For example, RIM2 PI was evaluating RNA expression using 
RIM2 PIF (forward) and RIM2 PIR (reverse) primers. 



Table 6 

RNA e:xpression in cell lines 





HCT116 


HCT116 
MUCl 


MCF-7 


ZR-' 


BETA-CATENIN 


+ 




+ 


+ 


FGFR3inC 


+ 




+ 


+ 


HERl 


+ 






+ 


HER2 










MUCl 








+ 


AIPC dl 








+ 


APXL dl 


+ 


+ 


+ 




DLGl dl 


+ 


+ 


+ 




DLGl d2 


+ 




+ 




EBP50 dl 




+ 






EBP50d2 


+ 








ELFIN dl 


+ 




+ 


+ 


ERBINdl 


+ 


+ 


+ 




GRIP2 d5 










HTRA2dl 


+ 


+ 


+ 


1 


INADLdS 










KIA0316dl 










KIA0340 dl 










KIA0382 dl 


+ 


+ 


+ 




KIA0751 dl* 








+ 


KIA1526 dl 










LIM MYSTIQUE dl 






+ 




LIM PROTEIN dl 


+ 


+ 


+ 


+ 


MAGI2d5 






+ 


+ 


MAGIBdS 


+ 


+ 


+ 


+ 
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HCT116 



MASTl d1 






1 


TV/TACT'^ HI 




ivjLUN X X ax 




A>mvTT1 AO 
IVLUN i i uZ 




A^TIVTT"3 -Rill 
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The effects of knocking-down the PDZ domain proteins ZO-1, SIPl, UM Mystique 
and KIAA0751 by siKNAs on anti-apoptotic fiinction of MUCl were examined in human 
non-small cell lung cancer A549 cells that endogaaously express MUCl and transfected 
human colon cancer HCTl 16 cells that exogenously express MUCl. 

Cell culture and Iransfection: Human colon cancer HCTl 16 cells and human non- 
small lung cancer A549 were grown in Dulbecco's modified Eagle's medium (DMEM) and 
RPMI1640 medium, respectively, in a humidified 5% CO2 atmosphere at 37°C. Media were 
supplemented with 10% fetal bovine serum (FBS), 100 units/ml of penicillin and 100 ng/nd 
of streptomycin. HCTl 16 cells were transfected with pIRES-puro2 or pIRES-puro2-MUCl as 
described (Li et al, 2001(a)) and stable transfectants were selected in the presence of 0.4 
|ig/ml puromycin (Caliochem-Novabiochem). 

Generation of siRNA for transfection: siRNAs were synthesized to knock-down 
expression of LIM-M (GI: 28866956), KIAA0751 (GI: 3882222), ZO-1 (GI: 28416399) and 
SIPl (GI: 2047327) (Dharmacon, Inc.). The targeted sequences for these genes were as 
follows: 

LIM Mystique: 5'-AAGCTGGTGAGACAACCTCTG-3' 
KIAA075 1 : 5'-AACACCAGGTCTGAGAGACAA-3 ' 
ZO-1: 5'-AAGTTGGCAACCAGATGTGGA-3' 
SIPl: 5'-AAGCTGGCAAGAAGGATGTCA-3' 

A nonspecific scrambled control siRNA (SCRsiRNA) was also synthesized (targeted 
sequence: 5'-AAGCGCGCTTTGTAGGATTCG-3') (Dharmacon, Inc.). Cells were plated, 
grown in antibiotic-free medium overnight, and then transientiy transfected with siRNAs (0.2 
- 20 nM) using OUgofectamine reagoit (Invitrogen Life Technology, lac.) and Opti-MEM 1 
reduced serum medium (Invitrogen life Technology, Inc.) according to the manufacturer's 
instmctions. 

Apoptosis assay: At 48 hr after siRNA transfection, cells were heated with 0, 10 or 
100 yM cisplatin (CDDP, Sigma) for 24 hr to induce apoptosis. Apoptotic ceUs were 
quantified by analysis of sub-Gl DNA contestit. Cells were harvested, washed, with PBS, 
fixed with 75% ethanol, and incubated in PBS containing 200 |J.g/ml RNase A (Qiagen) for 
15 min at 37°C. Cells were then stained with 50 ug/ml propidium iodide (Boeringer 
Manheim) for 30 min at room temperature in the dark. DNA content was analyzed by flow 
cytometry (EPICS XL-MCL, Coulter Corp.). 



-62- 



wo 2004/092339 PCT/US2004/01119S 

Immunoblotting: Cells were incubated for the indicated times, harvested, washed 
with ice-cold PBS, and lysed in lysis buffer [150 mM NaCl, 50 mM Tris 7.6), 5 mM 
EDTA, 0.5% NP-40, and protease inhibitor cocktail (Complete, Roche Diagnostics Coip)]. 
Whole cell lysates were subjected to SDS-PAGE, transferred to nitrocellurose membrane, and 
immunoblotted with antibodies against KIAA0751 (Rim2, Santa Cruz Biotechnology), SIPl 
(NHERF2, Alpha Diagnostic International), ZO-1 (Zymed Laboratories) or p-actin (Clone 
AC-15; Sigma). The blots were developed by using the ECL kit (Amersham Pharmacia 
Biotech). 

Results: In that MUCl functions as anti-apoptotic protein, HCT116/vector cells were 
sensitive to apoptosis induced by CDDP (100 yM) while HCT116/MUC1 cells were 
relatively resistant to apoptosis. Transient transfections of HCT116/MUC1 cells with 
KIAA075.1siRNA and LIM-MsiRNA were associated with increased apoptotic responses to 
CDDP (FIG. 5). Similar results were obtained with A549 cells that endogenously ejqpress 
MUCl (FIG. 5). The apoptosis-sensiti2dng effect of KIAA0751siRNA was significantly 
greater than that of LIM-MsiRNA in HCT116/MUC1 cells. Importantly, KIAA0751siRNA 
did not sensitize cells to apoptosis in MUCl-negative HCTl 16/vector cells at either 10 or 
100 hM . CDDP, indicating that the observed apoptosis-sensitizing effect of 
KIAA0751siRNA is dependent on MUCl (FIG. 6) and that the KIAA0751 protein is 
involved in the anti-apoptotic function of MUCl. Conversely, neither SIPlsiRNA nor 
ZOlsiRNA significantly affected CDDP-induced apoptosis in A549 and HCT116/MUC1 
cells (FIG. 7 and FIG. 8). 

The knock-down effects of siRNAs on ZO-1, KIAA0751 and SIPl were determined 
by immunoblotting and these proteins were knocked-down by approximately 50-70%. 

Example 10: Comparative Binding of MUCl Carboxy-terminal Isoforms 

Using the modified ELISA described supra in Example 6, the effect of two variant 
carboxy-terminal MUCl peptides were examined. Two MUCl isoforms vnih an A/T 
substitutions at the fifth amino acid residue firom the carboxy-terminal end have been reported 
m the literature, e.g., carboxy-terminal AAASANL disclosed in GenBank P15941 
[gi:547937] and carboxy-terminal AATSANL disclosed in GenBank A35175 [gi:l 1385307]. 
Peptides were prepared consisting of the TAT sequence SEQ ID NO: 102 and the terminal 
nine ammo acid residues of the relevant MUCl sequence, i.e., 
YGRKKRRQRRRAVAATSANL (SEQ ID NO: 134) and YGIUKXRRQRRRAVAAASANL 
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(SEQ ID NO: 135) and titrated binding to RIM2 and ZOl d2. 
isofonns bind to RIM3 and ZOl d2 with similar afSnities. 

Example 11: Comparative Binding of Ligands to PDZ Domains 

Using the modified ELISA described supra in Example 6, RIM2, ZOl d2, SIPl dl 
and Lim Mystique were titrated with three peptides consisting of 9 carboxy-teiminal amino 
acid residues and TAT SEQ ID NO: 102, i.e., biotinylated peptides: 
YGRKECRRQRKRARGDRKRIV (SEQ ID NO: 136); 

YGRKKRRQRRRQDEEEGIWA (SEQ ID NO: 137); and YGRKKRRQRRRAVAATSINL 
(SEQ ID NO 138). 

As shown in Table 7, SEQ ID NO: 137 binds most tightly to RIM2, followed by SEQ 
ID NO: 136 and SEQ ID NO: 138. All three peptides bind SIPl and Lim Mystique with 
lower afBnity than the MUCl derived sequence SEQ ID NO: 96 (cf Table 4, Example 7), 
while binding with greater afBnity to RIM2 and ZOl d2, indicating greater selectivity for the 
later two PDZ domains than the MUCl derived sequence. SEQ ID NO: 137 binds RIM2 
more strongly than ZOl d2. 



Table 7 

EC50 Values for PDZ Binding 



Peptide 


RIM2 


ZOl d2 


SIPl 


lAmMys. 


SEQ ID NO: 136 


0.02 mM 


0.02 |jM 


>5 |nM 


>5 fjM 


SEQ ID NO: 137 


0.005 pM 


0.05 nM 


>5mM 


>5 mM 


SEQ ID NO: 138 


0.04 nM 


0.008 nM 


>5^iM 


>5|jM 



Example 12: Competitive Binding of Ligands to PDZ Domains 

Using the modified ELISA described supram. Example 6, the ability of the pq)tides: 
YGRKKRRQRREtARGDRKRIV (SEQ ID NO: 136) (AVC 1796); 
YGRKKRRQRRRQDEEEGIWA (SEQ ID NO: 137) (AVC 1790); and 
YGRKKRRQRRRAVAATSINL (SEQ ID NO 138) (AVC 1791), to compete with the 
binding of the biotinylated TAT-MUCl derived peptide YGRKKKRQRRRAVAATSANL 
(SEQ ID NO: 134) to PDZ domanis. FIG. 10 shows that SEQ ID NO: 136 (AVC 1796) is the 
best competitive inhibitor for biotinylated SEQ ID NO: 134 (TAT-MUCl) binding to RIM2, 
though SEQ ID NO: 137 (AVC 1790) has a lower EC50 for bindin to RIM2 (cf Example 10). 
Similar experiments for binding to ZOl d2 indicated that SEQ ID NO: 136 (AVC 1796) can 



PCT/US2004/011195 
As shown in FIG. 9, the two 
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also compete for binding to ZOl 62 while SEQ ID NO: 137 (AVC 1790) is only a relatively 
weak competitor for ZOl 62. Self-competition experiments indicated that SEQ ID NO: 137 
(AVC 1790) acts the most like a traditional competitive inhibitor of the three peptides tested. 
Example 13: Matrix Profile of Inhibitors 
5 The biotinylated peptides SEQ ID NO: 136 (AVC 1796), SEQ ID NO: 137 (AVC 

1790), and SEQ ID NO: 138 (AVC 1791), were screened for binding to PDZ domains as 
described in Example 7. The results, shown in FIG. 11, 12 and 13, represent the absorbance 
and standard deviation of interactions of higher relative strength. The data in FIG. 13 for 
PDZKl, PTPLl d5, MUPPl d4 and INADL dl have high standard deviations and thus 
10 require further verification to validate intensity of binding. 

Example 14: Identification of Inhibitors of the MUC1-RIM2 Interaction 

Using the modified ELISA described supra in Example 7, the binding to the RIM2 
PDZ domain of the biotinylated peptide sequences listed in Table 8 were examined. The 
biotinylated 20-mer amino acid peptides were added at varying concentrations (0.001 nM to 
15 10 hM) to the plated GST-RIM2 PDZ domain. Relative EC50 values were calculated from a 
curve fit of the data for each interaction. 

Table 8 

Peptide binding to PDZ domain 1 of RIM2 



Peptide (designation) 


Relative EC50 


SEQ ID NO: 


YGRKKRRQRRRAVAATSANL 


0.065 


SEQ ID NO: 134 


YGRKECRRQRKEIARGDRKRIV 

(AVC#1796) 


0.02 


SEQ ID NO: 136 


YGRKKRRQRJRRQDEEEGIWA 

(AVC#1790) 


0.005 


SEQ ID NO: 137 


YGRKECRRQRREIAVAATSINL 
(AVC#1791) 


0.04 


SEQ ID NO: 138 


YGRKKRRQRRRAVAATYSNL 
(AVC#1793) 


0.6 


SEQ ID NO: 139 


YGRKKRRQKRRARGDRKRWA 
(AVC#1821) 


0.007 


SEQ ID NO: 140 


YGRKKRRQRRRARGDRKRWL 
(AVC#1822) 


0.008 


SEQ ID NO: 141 


YGRKKRRQKRRARSDRGIWA 
(AVC#1823) 


<0.01 


SEQ ID NO: 142 


YGRKKRRQRRRAVAATGIWA 


<0.01 


SEQ ID NO: 143 
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Peptide (designation) 


Relative EC50 


SEQIDNO: 


(AVC#1827) 






YGRKKRRQKEiRQDEEETIWA 
(AVC#1828) 


0.24 


SEQlDNO:144 


YGRKKKRQRRRARSDRTIWA 

(AVC#1829) 


<0.01 


SEQ ID NO: 145 


YGRKKRRQRRRARSDRTHA 
(AVC#1830) 


0.013 


SEQIDNO: 146 


YGKKKRRQRKRARSDRKRIA 

(AVC#1831) 


0.045 


SEQ ID NO: 147 


YGRKKRRQRRRSRTDRKYWA 
(AVC#1832) 


<0.01 


SEO ID NO: 148 


YGRKKRRQRRRQDEEEGIWS 
(AVC#1833) 


0.05 


SEO ID NO: 149 


YGRKKRRQRRRSRTVREIWA 
(AVC#1834) 


<0.01 


SEO ID NO: 150 


YGREOCRRQRRRSVTSTSINL 
(AVC#1835) 


0.09 


SEO ID NO: 151 


YGRKKRRQRRRARGDRKIRV 

(AVC#1836) 


0.01 


SEO ID NO- 152 


YGRKKRRQRIMIARTDRKVEV 
(AVC#1837) 


0.04 


SEQIDNO: 153 


YGRKKEtRQRRRARGDRKYIV 
(AVC#1838) 


0.013 


SEO ID NO: 154 


YGRKKRRQRRRSRTDRKYQI 
(AVC#1839) 


0.022 


SEO ID NO- 155 


YGRKKRRQRRRARGDVRIML 
(AVC#1840) 


~0.03 


SEQIDNO: 156 


YGRKKRRQRRRARGDRKVPV 
(AVC#1841) 


0.045 


SEO ID NO: 157 


YGRKKRRQRRRQDERRLIVL 
(AVC#1842) 


0.078 


SEO ID NO- 158 


YGRKKRRQRRRARGDRLVSL 
(AVC#1843) 


0.068 


SEO ID NO- 159 


YGRKKRRQRRRARGTRLVWV 

(AVC#1844) 


<0.01 


SEQ ID NO: 160 


YGRKKRRQRRRARGDRYRIV 
(AVC#1845) 


0.038 


SEQ ID NO: 161 


YGRKKRRQRRRSRTDRLEYV 

(AVC#1846) 


0.01 


SEQIDNO: 162 


YGRKKRRQRRRARGDRUBIV 
(AVC#1847) 


0.132 


SEO ID NO: 163 


YGRKKRRQRRRARGDRTIIY 

(AVC#1848) 


~0.03 


SEO ID NO: 164 


YGRKKRRQRRRARGDKRRIV 
(AVC#1849) 


0.037 


SEQIDNO: 165 


YGRKKRRQRRRARGDRKKIV 

(AVC#1850) 


0.047 


SEQIDNO: 166 


YGRKKRRQRRRARSDRKRIV 


0.047 


SEQ ID NO: 167 
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Peptide (designation) 


Relative EC50 


SEQIDNO: 


(AVC#1851) 






YGRKKRRQRRRKNECDKEYYV 

(AVC#1852) 


0.013 


SEQ ID NO: 168 


YGRKKRRQRRRGMTSSSSW 
(AVC#1853) 


0.135 


SEQ ID NO: 169 


YGRKECRRQRRRARGKRETWV 

CAVC#1854) 


<0.01 


SEQ ID NO: 170 


YGRKKRRQRRRQDERVETRV 
JAVC#1855) 


0.88 


SEQIDNO: 171 


YGRKKRRQRRRLQRRRETQV 
(AVC#1856) 


0.033 





Example IS: Sensitization of Human Cancer Cells to Chemotherapentic Agents by 
Inhibitor Peptides 

The effects of peptide inhibitors of the MUC1-RIM2 interaction on sensitizing 
5 MUCl-exiaessing human cancer cells to chemotherq>eutic agents is investigated. Suitable 
human cancer cells include MUCl transfected HCT116 cells (and vector control cells) and 
human non-small cell lung cancer A549 cells that endogenously express MUCl. HCT116 
cells and A549 cells are grown in Dulbecco's modified Eagle's medium (DMEM) and 
RPMI1640 medium, respectively, in a humidified 5% CO2 atmosphere at 37°C. Media is 

10 supplemented with 10% fetal bovine serum (FBS), 100 units/ml of penicillin and 100 M-g/ml 
of streptomycin. HCT116 cells are transfected with pIRES-puro2 or pIRES-puro2-MUCl as 
described (Li et al., 2001(a)) and stable transfectants are selected in the presence of 0.4 /ig/ml 
puromycin (Caliochem-Novabiochem). 

Cancer cells are incubated witti inhibitor peptides comprising an intemalizing peptide 

15 sequence, including SEQ ID NO: 108 or SEQ ID NO: 119, and an inhibitor sequence, 
including SEQ ID NO: 134 through SEQ ID NO: 171. Suitable controls are also run in 
parallel. Subsequently, cells are treated with 0, 10 or 100 nM cisplatin (CDDP, Sigma) for 24 
hr to induce apoptosis. Apoptotic cells are quantified by analysis of sub-Gl DNA content. 
Cells are harvested, washed, with PBS, fixed with 75% ethanol, and incubated in PBS 

20 containing 200 |ng/ml RNase A (Qiagen) for 15 min at 37°C. CeUs were then stained with 50 
Hg/ml propiditmi iodide (Boeringer Manheim) for 30 min at room teniperature in the dark. 
DNA content was analyzed by flow cytometry (EPICS XL-MCL, Coulter Corp.). 
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Example 16: Human Cancer Cell in In Vivo Xenograft Models 

The antitumor effect of inhibitor peptides, as described in Example 14, are assessed 
against MUCl -expressing human cancer cell xenograft tumor models. Sxiitable tumor cells 
include MUCl transfected human colon cancer HCT116 cells (and vector control cells), 
human breast cancer ZR-75 cells and human non-small cell lung cancer A549 cells. Human 
tumors are implanted subcutaneously into the flanks of nude mice. As the tumors reach a 
predetermined size of approximately 100 mm^, the mice are randomized into therapy groups. 
Inhibitor peptides and suitable controls are administered by IV injection or intraperitoneal 
injection for a suitable time period, e.g., 5 daily doses at suitable does levels, e.g., maximxmi 
tolerated dose (MTD), 1/2 MTD, 1/4 MTD, or other suitable dose if an MTD is not 
estabUshed. Mean tumor volumes are determined three times per week. Txmior voliraie is 
determined by cahper measurements (mm) and using the formula for an ellipsoid sphere: L x 
WV2 = nun^, where L is the length in mm and W is the width in mm. The formtila is also 
used to calculate tumor weight (mg), assuming unit density (1 mm^ = 1 mg). The study is 
terminated when the tumor volumes in the control group(s) reach ^proximately 2000 mm^. 
The time to reach evaluation size for the tumor of each animal is used to calculate the overall 
delay in the growth of the median tumor (T-C). 

The present invention has been shown by both description and examples. The 
Examples are only examples and cannot be construed to limit the scope of the invention. One 
of ordinary skill in the art will envision equivalents to the inventive process described by the 
following claims that are within the scope and spirit of the claimed invention. 
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